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AbS.t.r.ac:^ 

In  1990 ,  the  Dcpartiaent  of  Defense  purchased  medical 
materiel  from  the  Defense  Logistics  Agency  totaling 
approximately  $i  billion  dollars.  Congress  has  directed  the 
Department  of  Defense  to  examine  civilian  healthcare 
practices  to  reduce  these  costs. 

Just-in-Time  inventory  management  is  one  of  those 
practices.  Research  on  Just-in-Time  inventory  for  military 
facilities  raised  several  concerns  about  its  capability  to 
support  the  military  mission.  However,  there  are  many 
facets  of  Just-in-Time  management  that  can  be  adopted 
without  compromise  of  wartime  capabilities. 

This  research  identifies  the  results  of  the  change  in 
the  Defense  Logistics  Agency's  policy  on  delivery  of  medical 
materiel  to  Department  of  Defense  medical  facilities.  The 
change  was  intended  to  decrease  delivery  time  and  increase 
reliability.  It  was  hoped  that  in  turn  these  changes  would 
create  savings  and  reduce  inventory  levels. 

Statistical  analysis  of  six  pairs  of  hospitals,  test 
and  control,  did  not  show  any  conclusive  change  in  the 
delivery  time  although  some  individual  hospitals  did 
experience  a  decrease. 

The  increase  in  reliability  was  significant.  Although 
a  few  hospitals  experienced  a  slight  increase,  most 
hospitals  experienced  a  decrease  in  variance  resulting  in 
increased  reliability  and  customer  satisfaction. 
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AN  INVESTIGATION  OF  THE  DEFENSE  LOGISTICS  AGENCY'S 


DEDICATED  TRUCK  PROGRAM 


I.  Introducrtion 


Overview 


A  recent  Government  Accounting  Office  (GAO)  report  out¬ 
lines  the  reasons  for  the  Department  of  Defense  (DOD)  and 
Defense  Logistics  Agency  (DLA)  interest  in  medical  supply 
inventory  management. 

In  fiscal  year  1990,  these  125  medical  facilities 
purchased  approximately  $1  billion  in  consumable  medi¬ 
cal  supplies  such  as  drug  items,  needles,  and  sponges. 
To  support  this  hospital  network,  DOD  maintains  443 
warehouses  and  a  depot  system  of  17  warehouses  that 
hold  inventory  valued  at  more  than  5824  million. 
(GAO/NSLAD-9 2-58,1991: 2) 

The  GAO  report  recommended  the  Department  of  Defense  reduct 
the  size  of  its  standing  inventory  and  related  holding  costs 
by  adopting  civilian  practices  such  as  Just-In-Time  (JIT) 
inventory  management.  This  technique  centers  around  using 
suppliers  who  have  the  ability  to  provide  supplies  rapidly 
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with  a  high  degree  of  reliability  and  thus  allow  hospitals 
to  reduce  overall  inventory  levels. 

The  Defense  Logistics  Agency  and  its  subordinate  oper¬ 
ating  agency,  the  Defense  Personnel  Services  Center  (DPSC), 
are  the  largest  single  suppliers  of  medical  supplies  to  DOD 
hospitals.  In  December  1991,  DLA/DPSC  initiated  the 
dedicated  truck  program  designed  to  improve  the  speed  and 
reliability  of  supply  service  to  Just-In-Time  standards. 

Under  the  dedicated  truck  program,  hospitals  are 
grouped  into  geographical  clusters.  A  schedule'  of  regular 
shipments  is  set  up,  with  frequency  of  delivery  determined 
by  average  volume  of  supplies  within  the  cluster.  Trucks 
are  contracted  with  direct  delivejry  to  each  hospital  within 
the  cluster. 

This  thesis  evaluates  the  success  of  the  dedicated 
truck  program.  Sjjecif icaxxi  ,  the  change  in  speed  and  reli¬ 
ability  of  delivery  is  measured  by  isolating  and  studying 
the  components  of  order-ship  time  directly  related  to  pro¬ 
cessing  and  shipment. 


Background 

logistics  operations,  like  so  many  specialties,  have 
developed  a  language  and  system  that  must  be  understood.  In 
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order  to  facilitate  understanding  of  this  introduction  some 
of  those  terms  are  defined  here. 

Key  Terms.  The  following  terms  are  defined  using  cita¬ 
tions  from  Armv  regulations.  No  substantial  difference 
exists  within  DOD  or  the  civilian  sector  in  these  defini¬ 
tions  though  the  terminology  itself  may  differ  slightly. 

Operating  level  (OL)  is  the  quantity  of  stock  needed  to 
sustain  operations  in  the  interval  between  receipt  of  a 
replenishment  shipment  and  submission  of  another  replenish¬ 
ment  requisition  (AR  710-2-2,  1992:25).  The  current  Army 
policy  states,  "operating  level  will  be  based  on  a  90  day 
requirement."  (AR  40-61,1989:15). 

The  Order-Ship  Time  Level  (OSTL)  is  the  quantity  of 
stock  needed  to  sustain  operations  between  the  time  a  re¬ 
plenishment  requisition  is  submitted  and  the  resulting  mate¬ 
riel  receipt  is  posted  to  the  account.  This  time  is  comput¬ 
ed  as  a  moving  average  by,  "Using  the  six  most  recent 
receipts  for  an  item,  compute  the  average  OST.  In  computing 
OST,  exclude  high  priority  requisitions  and  requisitions 
with  long  delays  from  wholesale  backorder,  unusual 
circumstances,  or  lack  of  funds"  (AR  710-2-2,  1992:25). 
Order-Ship  time  is  also  referred  to  as  lead-time  or  pipeline 
time  in  civilian  journals. 

Safety  level  (SL)  is  the  quantity  of  stock  on  hand  to 
sustain  operations  in  the  event  the  demand  rate  changes  or 
the  OST  becomes  longer  than  expected.  It  is  a  safety  factor 
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intended  for  use  in  emergencies  or  when  replenishment  re¬ 
ceipts  are  delayed.  (AR  710-2-2,  1992:25).  Military 
hospitals  compute  inventory  levels  to  include  a  30-day 
safety  level  (AR  40-61,  1989:15). 

Requisitioning  Objective  (RO)  is  the  maximum  quantity 
of  an  item  that  may  be  on-hand  or  on  order  at  any  one  time. 
It  consists  of  the  operating,  safety,  and  order-ship  time 
levels  (OL  +  OSTL  +  SL  =  Total  Inventory  =  Requisitioning 
Objective)  (DA  PAM  710-2-2,1992:25). 

Reorder  Point  (ROP)  is  the  net  asset  quantity  at  which 
new  stock  is  ordered.  The  ROP  should  equal  the  total  quan¬ 
tity  of  OST  and  safety  levels.  Net  assets  are  computed  by 
adding  quantity  on-hand  to  quantity  on  order  (Due  In  or  DI) 
and  subtracting  any  quantities  owed  to  customers  (Due  Out  or 
DO)  (DA  PAM  710-2-2,1992:25). 

Materiel  Release  Order  (MRO)  is  the  written  form  (DA 
Form  2765-1,  DD  Forms  1348-1  or  -6)  that  tells  the  ware¬ 
houseman  what,  how  many,  and  for  whom  to  pull  supplies  (AR 
725-50,  1988:6-2).  The  date  this  form  is  printed,  also  the 
date  DPSC  transmits  the  data  (the  order)  to  the  depot,  is 
the  beginning  date  of  depot  processing  time. 

Uniform  Materiel  Movement  and  Issue  Priority  System 
(UMMIPS)  provides  the  means  for  expressing  the  importance  of 
a  supply  request.  This  is  done  by  assigning  a  2-digit  nu¬ 
meric  code,  from  01  to  15,  to  the  supply  request  when  it  is 
initiated  (DODD  Directive  4410.6).  UMMIPS  also  sets  the 


4 


standards  for  the  number  of  days  a  unit  can  expect  to  writ 
to  receive  an  item  based  on  assigned  priority. 

Lead~time  Determination.  Department  of  Defense  hospi¬ 
tals  send  their  supply  reqpiisitions  to  DPSC  through  the 
Automated  Defense  Information  Network  (AtJTODIN) .  DPSC,  as 
the  national  inventory  control  point  for  medical  supplies, 
determines  if  sufficient  supplies  are  in  stock  to  fill  the 
order.  If  current  stock  on  hand  is  insufficient,  a  backorder 
is  established  until  additional  stock  is  received  and  the 
order  can  be  filled.  If  sufficient  stock  is  available  then 
thi  optimal  depot  location  is  determined  for  delivery  to  the 
requesting  hospital.  DLA  operates  three  primary  depots: 
Mechanicsburg,  PA;  Memphis,  TN;  and  Tracy,  CA.  The  Materiel 
Release  Order  (MRO)  is  then  transmitted  to  the  chosen  depot 
via  AOTODIN. 

The  depot  is  responsible  for  printing  the  MRC,  pulling 
and  packaging  the  supplies,  contracting  for  transportation, 
and  making  the  actual  shipment.  Trucks  are  hired  by  con¬ 
tract  with  commercial  carriers.  It  the  shipment  is  less 
than  a  full  truckload,  the  truck  often  carries  other  freight 
and  can  take  from  two  days  to  two  weeks  to  deliver  the 
hospital's  supplies  (Connelly,  1992).  This  leads  to  large 
variances  in  lead-time,  also  called  order-ship  time  (OST). 

Extremely  long  lead-times  and/or  large  variations  in 
lead-time  cause  high  levels  of  safety  stock  to  be  maintained 
(Gerchak,  1991:191).  The  OST  will  also  rise  due  to  the 
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constant  recalculation  of  this  level  (exact  calculation 
formulas  vary  slightly  based  on  the  automation  system  used) . 
The  end  result  of  this  variation  is  an  increased  hospital 
inventory  and  its  accompanying  costs. 

Order-ship  time  or  lead-time  can  be  measured  with  a  va¬ 
riety  of  methods.  The  beginning  date  may  be  determined 
using  the  creation  date  of  the  order  or  the  date  of  con¬ 
firmed  transmission  receipt  at  DLA.  The  end  date  can  be 
measured  using  a  delivery  receipt,  transportation  documents 
or  receipt  processing  by  the  hospital.  Most  hospitals  mea¬ 
sure  lead-time  from  the  creation  of  the  order  to  the  receipt 
processing  date.  For  the  purposes  of  this  research,  the 
date  the  order  is  received  at  DLA  is  recorded  as  the  begin¬ 
ning  date  while  the  ending  date  is  based  on  the  date  the 
hospital  processes  the  receipt  from  depot.  This  is  due  to 
variation  in  transmission  methods  between  different  hospi¬ 
tals  and  services  causing  variations  outside  DLA's  control. 


General  Issue 

DLA  leadership  is  focusing  its  energies  on  specific  is¬ 
sues  integral  to  improving  performance.  (McHugh,  1991:7). 
Five  strategic  target  areas  are:  (1)  attracting  and  retain¬ 
ing  quality  people,  (2)  matching  customer  requirements  with 
DLA  capabilities  to  ensure  customer  satisfaction. 
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(3)  deploying  information  systems  that  meet  user  needs,  (4) 
lowering  costs  and  maximizing  return  on  investment,  and  (5) 
building  an  effective  relationship  with  industry  (McHugh, 
1990:7). 

This  research  focuses  upon  the  Dedicated  Truck  program, 
which  was  implemented  to  meet  the  second  goal,  matching 
customer  requirements  with  DIA  capabilities  to  ensure  cus¬ 
tomer  satisfaction  and  the  fourth  goal,  lowering  costs  and 
maximizing  return  on  investment:. 


Specific  Problem 

The  purpose  of  this  research  is  to  determine  if  the 
dedicated  truck  program  reduces  order-ship  time  and  increas¬ 
es  reliability  resulting  in  improved  customer  service. 


Investigative  Questions 

Several  questions  must  be  answered  to  determine  if  this 
program  leads  to  improved  customer  service: 

1.  If  a  reduction  in  lead-time  and  lead-time  variance 
has  occurred,  what  effects  should  this  have  upon  inventory 
levels? 
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2.  How  do  lead-tiiae  and  reliability  affect  customer 
service? 

3.  Wnat  components  of  lead-time  are  expected  to  be  af¬ 
fected  by  the  dedicated  truck  program? 

4.  Did  a  measurable  decrease  in  lead-time  occur  in 
these  components  under  the  new  program? 

5.  Did  a  measurable  decrease  in  lead-time  variance 
occur  under  the  new  program? 

6.  If  a  decrease  in  the  lead-time  or  lead-time  vari¬ 
ance  has  occurred,  can  these  be  attributed  to  the  implemen¬ 
tation  of  the  dedicated  truck  program,  or  can  they  be  ex¬ 
plained  by  other  means? 


Scope  and  Limitations 

This  research  focuses  on  the  components  of  lead-time 
that  are  under  the  control  of  DPSC  and  the  effect  of  im¬ 
provements  in  these  components  on  inventory  levels.  Only 
military  hospitals  are  included  in  the  research  although 
other  federal  facilities  are  also  supplied  by  DLA.  Only 
DPSC  stocked  items  requested  on  a  routine  priority  are 
included  in  this  research.  High  priority  requisitions, 
local  purchase,  non-standard  items  and  other  specially 
handled  materiel  are  shipped  by  a  variety  of  methods  and  are 
therefore  outside  the  scope  of  this  research. 
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structure 


Chapter  II  provides  a  basis  for  the  measurement  of 
lead-time,  and  exploration  of  its  relationship  and  effect 
upon  both  inventory  level  management  and  customer  service. 
The  relationship  to  civilian  business  practices  and  Just-In- 
Time  inventory  practices  is  also  established.  The 
individual  components  of  lead-time  are  defined  with  special 
attention  to  the  components  being  measured  in  this  research. 
This  provides  answers  for  investigative  questions  five  and 
six. 

Chapter  III  presents  the  methodology  used  to  collect 
and  analyze  the  data  relating  to  the  components  of  lead- 
time.  It  discusses  the  statistical  methods  used  to  examine 
the  data  and  determine  the  significance  of  any  reductions  in 
mean  or  variance. 

Chapter  IV  describes  the  findings  and  analysis  of  the 
statistical  and  modelling  results,  while  Chapter  V  discusses 
the  conclusions  and  their  significance.  In  additional, 
areas  for  future  research  are  suggested. 
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II.  Literatiure  Review 


Overview 

Lead-time  directly  affects  the  order  ship  time  level 
component  of  inventory.  Variance  of  lead-time  has  an  equal 
effect  on  another  of  the  components,  safety  level,  and  thus 
on  overall  inventory  levels.  Therefore  the  loqistician  is 
forced  to  maintain  high  levels  of  inventory  when  lead-time 
is  long  and  highly  variable  in  order  to  provide  the  quality 
of  customer  service  demanded  by  health  care  professionals. 

But  what  components  of  lead-time  are  affected  by  the 
dedicated  truck  program?  And  how  does  this  program  affect 
inventory  levels? 

This  literature  review  describes  the  role  and  relation¬ 
ship  of  DLA  and  DPSC  in  the  requisition  flow  of  a  routine 
request  for  medical  supplies.  It  then,  through  a  discussion 
of  inventory  management  ana  JIT  principles,  establishes  the 
relationship  of  lead-time  and  lead-time  variance  to  customer 
service  and  reliability.  Components  of  lead-time  are  de¬ 
fined  and  determination  of  which  to  use  in  this  research  is 
made.  The  review  also  provides  a  basis  for  linking  lead- 
time  and  lead-time  variance  with  safety  stock  and  inventory 
levels . 
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Defense  Logistics  Agency  /  Defense  Personnel  Service  Center 


The  Defense  Logistics  Agency's  business  is  support, 
furnishing  materiel  support  and  services  to  all.  of  the  mili¬ 
tary  services.  DLA  currently  manages  approximately  70  per¬ 
cent  of  all  consumable  items  used  by  the  services.  To  ac¬ 
complish  this  mission  DLA  operates  a  network  of  supply  cen¬ 
ters,  responsible  for  the  management  of  day-to-day  supply 
operations,  and  depots,  which  receive,  store  and  issue  the 
supplies  managed  by  the  supply  centers  (DLA,  1992:2). 

The  Defense  Personnel  Service  Center  is  a  DLA  supply 
center  responsible  for  management  and  day-to-day  supply 
operations  concerning  food,  clothing  and  textiles,  medicines 
and  medical  equipment.  DPSC,  as  a  National  Inventory  Con¬ 
trol  Point,  monitors  inventory  levels,  awards  contracts  and 
processes  requisitions  for  these  commodities  (DPSC,  1992:2). 

DLA  also  operates  supply  depots  assigned  to  three  dis¬ 
tribution  regions.  The  depots  receive,  store  and  issue 
supplies,  managed  by  one  or  more  of  the  supply  centers  (DLA, 
1992:2). 


Requisition  Plow 

Hospitals  submit  requisitions  for  medical  materiel  di¬ 
rectly  to  the  DPSC  (AR  40-61,  1989:15)  or  through  Base 
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Supply  (AFM  67-1,  1991:3),  These  requisitions  are  trans 
mitted  by  a  variety  of  electronic  means  (DDN,  Autodin,  etc.) 
and  routed  through  the  Defense  Automated  Addressing  System 
( DAAS ) . 

After  preliminary  screening  by  the  Standard  Automated 
Materiel  Management  System  (SAMMS),  the  requisitions  for 
stocked  items  are  checked  against  the  on-hand  quantity  and 
the  minimum  stock  level  required  by  the  Uniform  Materiel 
Movement  and  Issue  Priority  System  (UMMIPS).  If  the  requi¬ 
sition  cannot  be  filled,  it  is  given  a  backorder  status  and 
held  until  it  can  be  filled.  If  the  requisition  can  be 
filled,  it  is  matched  for  geographic  location  of  the  custom¬ 
er  and  preferred  storage  depot. 

SAMMS  generates  a  materiel  release  order  (MRO)  that  is 
transmitted  to  the  designated  depot  by  AUTODIN  at  the  end  of 
the  processing  cycle.  Cycles  are  completed  twice  daily 
Monday  through  Friday  and  once  a  day  on  Saturday  and  Sunday 
(McHugh,  1991:81).  The  flou  of  requisitions  and  supplies 
for  medical  materiel  is  depicted  in  Figure  1 . 

In  1990  a  change  in  UMMIPS  standards  allowed  the  down¬ 
grading  of  all  transportation  priorities  to  routine  process¬ 
ing  with  certain  high-priority  exceptions.  This  allowed  the 
depot  to  place  the  MRO  into  a  'bank'  for  up  to  eight  days  in 
order  to  consolidate  for  common  destinations  (McHugh,  1991). 
Under  the  dedicated  truck  program,  these  requisitions  are  no 
longer  banked.  The  MRO  is  processed,  puljed,  packed,  and 
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shipped  based  on  the  schedulea  shipment  for  the  geographical 
clvister  of  the  requesting  hospital . 


FigtJre  1.  Flow  of  Medical  Requisitions  and  Supplies 


Throughout  the  requisition  processing,  the  status  of 
the  requisition  is  sent  to  the  requestor.  At  each  step  in 
the  process,  the  status  is  updated  and  additional 
information  such  as  release  date,  ship  date  or  backorder  is 
sent  to  the  customer.  This  information  is  also  picked  up  by 
the  Army  Logistics  Control  Agency  (LCA)  which  acts  as  an 
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information  clearinghouse  for  all  Amy  materiel  requisition 


status  including  medical  materiel  (Tesh,  1992). 


Xnventory  Management 

The  purpose  of  inventory  management  is  to  have  the 
right  item  at  the  right  place  at  the  right  time  in  the  right 
quality  for  the  right  price  and  the  right  person.  This 
definition  can  be  translated  into  four  targets:'  (1)  to  have 
the  required  materiel  on  hand  when  needed;  (2)  to  pay  the 
lowest  price  for  adequate  quality;  (3)  to  minimize  inventory 
investment;  (4)  to  operate  efficiently  (Ammer , 1983 : 203 ) . 

Many  of  the  current  inventory  methods  have  been  de¬ 
scribed  as  Just- in-Case  management,  in  other  words,  the 
stock  must  be  on-haind  in  case  it  is  needed.  These  methods 
lead  to  large  inventories,  high  costs  for  maintaining  the 
supplies,  and  waste  if  the  supplies  become  spoiled  or  obso¬ 
lete  ( Schonberger ,  1982:14).  Several  of  the  management 
methods  currently  employed  in  the  military  are  described  in 
the  following  paragraphs. 

Order-Point  Controlled  Replenishment  (sometimes  re¬ 
ferred  to  as  an  "s,S"  method  of  replenishment)  selects  a 
specific  level  to  which  the  stock  on  hand  must  be  depleted 
before  a  new  order  can  be  submitted.  These  orders  may  be 
made  in  accordance  with  a  pre-determined  order  period;  how 
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ever  the  order  should  incorporate  the  quantity  necessary  to 
gain  the  balk  purchase  cost  savings  (Aminer,  1968:119). 

Determining  the  order-point,  also  called  the  reorder 
point,  is  accomplished  by  using  a  Days  of  Supply  (DOS)  or 
Economic  Order  Quantity  (EOQ)  formula.  Days  of  Supply  (DOS) 
is  based  on  the  average  quantity  of  an  item  reepaired  for  a 
single  day.  In  order  to  calculate  this  quantity,  a  control 
period  of  360  days  is  used  as  the  denominator.  The  total 
quantity  ordered  for  a  specific  item  during  this  period  is 
the  numerator  (Example:  10  orders  for  100  bandaids  each  = 
1000  total  quantity).  Dividing  the  total  quantity  by  the 
control  period  gives  the  average  daily  demand  or  one  DOS 
(Example:  1000  bandaids  per  year/  360  days  =  2.78  bandaids 
per  day  =  l  DOS).  Multiplying  this  quantity  by  the  number 
of  days  required  on-hand  determines  the  operating  level. 

The  OSTL  and  safety  level  are  determined  by  the  same  method 
(DA  PAM  710-2-2,1992:25). 

Economic  Order  Quantity  (EOQ)  is  based  upon  the  costs 
of  inventory  rather  than  the  days  of  operation.  The  two 
main  costs  are  possession  and  acquisition.  These  two  costs 
consist  of  other  associated  costs.  The  cost  of  possession 
includes  storage  (warehouse  space,  salaries);  obsolescence 
(expired,  spoiled,  lost,  replaced);  and  capital  (dollar 
value  of  the  stock).  The  cost  of  acquisition  consists  of 
purchasing  (cost  per  item)  and  ordering  (transportation, 
processing,  expediting,  special  handling  or  packaging). 
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EOQ  balances  the  costs  of  possession  against  the  costs  of 
acquisition  in  determining  the  reorder  point  (Amiaer, 
1968:240) . 

Both  EOQ  and  DOS  formulas  are  currently  used  within 
DOD.  Deployable  hospitals  and  other  deployable  units  main¬ 
tain  supplies  under  DOS  (DA  PAM  710-2-1,1991).  For  them  it 
is  essential  to  know  how  many  days  they  can  be  deployed 
without  resupply.  Military  hospitals  may  employ  a  variety 
of  methods,  however  experience  indicates  that  various  forms 
of  an  EOQ  calculation  are  the  most  widespread. 

Just-In-Time.  In  contrast  to  Order-Point  Controlled 
Replenishment,  the  current  innovation  in  civilian  inventory 
management  practice  is  Just-in-Time  inventory  management. 
This  method  originated  in  Japan  as  an  inventory  system 
called  Kanban  or  signboard  (Nataraajan,  1991:19)  and  it  has 
been  widely  adopted  in  the  U.S.  manufacturing  industry. 

More  recently  it  is  becoming  widespread  in  civilian  hospi¬ 
tals,  health  organisations  and  among  healthcare  material 
manufacturers  and  distributors. 

JIT  is  used  extensively  in  the  manufacturing  sector, 
and  has  evolved  from  an  inventory  system  to  a  management 
philosophy.  In  its  original  form,  JIT  modified  the  primary 
objective  of  supply  (right  item,  right  quality,  etc.)  by 
adding  that  the  item  should  be  delivered  by  the  supplier 
just  as  it  is  needed,  no  sooner.  Schonberger,  in  his  defi¬ 
nition  of  JIT,  states: 
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Produce  and  deliver  finished  goods  just  in  time 
to  be  sold,  svibassemblies  just  in  time  to  be  assembled 
into  finished  goods,  fabricated  parts  just  in  time  to 
go  into  subassemblies,  and  purchased  materials  just  in 
time  to  be  transformed  into  fabricated  goods. 

( Sohonberger ,  1982:16) 

Since  a  hospital  is  not  a  manufacturing  olant,  and  people  do 
not  get  sick  on  schedule,  how  can  this  be  applied  to  the 
healthcare  industry? 

Although  the  principle  of  JIT  is  simple,  there  are  sev¬ 
eral  profound  differences  between  JIT  and  traditional  meth¬ 
ods  of  inventory  management.  These  differences,  taken  from 
Freeland  and  modified  for  medical  applications,  are  illus¬ 
trated  in  Table  1. 

In  implementing  JIT,  hospitals  drastically  reduce  the 
amovmt  of  inventory  maintained  on  the  premises.  They  may 
even  completely  eliminate  all  but  the  most  critical  items 
from  stockage.  The  number  and  frequency  of  shipments  from 
the  supplier  to  the  hospital  are  increased  and  lead-time  is 
drastically  reduced.  Uncertainty  (variance)  is  reduced  or 
virtually  eliminated.  The  use  of  competition  between  sup¬ 
pliers  as  a  price  control  tool  is  reduced  in  favor  of  coop¬ 
eration  and  partnership  between  hospital  and  supplier. 

The  most  basic  benefit  of  JIT  materiels  management  is  a 
large  reduction  in  the  standing  inventory  (Celley , 1986 : 14 ) . 
This  reduction  in  inventory  results  in  a  one  time  saving 
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Table  1.  Contrasting  Traditional  versus  JIT  Management 


TRADITIONAL  MANAGEMENT 

JUST-IN-TIME  PURCHASING 

1.  Large  delivery  lot  siz¬ 
es,  infrequent  deliveries. 

1.  Small  lot  sizes  based  on 
near  term  needs.  Deliveries 
are  frequent. 

2,  There  are  several  ven¬ 
dors  for  each  item.  Multi¬ 
ple  sourcing  is  used  to 
j  maintain  low  prices. 

2 .  As  much  as  possible , 
orders  are  consolidated  to 
a  single  vendor. 

3 .  Large  inventories  are 
maintained  by  the  hospital. 

3.  Little  inventory  remains 
at  the  hospital  since  de¬ 
liveries  are  frequent  and 
on  time. 

4 .  Contracts  are  short¬ 
term,  with  fixed  price  and 
quantity.  No  guaranteed 
repeat  business. 

4.  Contracts  are  long¬ 
term,  with  variable  price 
and  quantity.  Performance 
insures  continued  business. 

5.  Minimal  information 
exchanged  between  supplier 
and  buyer. 

5.  Extensive,  continual 
exchange  of  information. 

6.  Geographic  proximity  of 
supplier  is  not  important 
for  supplier  selection  de¬ 
cision  . 

6.  Geographic  proximity  of 
supplier  considered  very 
important. 

(Modified  from  Freeland,  1991:45) 
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equal  to  the  costs  of  possession  for  that  level  of  invento¬ 


ry. 


In  one  hospital  the  implementation  of  a  stock¬ 
less  inventory  system  resulted  in  a  decrease  in 
official  inventory  from  $550,000  to  $7,700.  Other 
areas  of  savings  were:  reduction  in  warehouse  space; 
fewer  supply  related  full-time  employees;  and  fewer 
purchase  orders  generated.  In  total  over  one  million 
dollars  in  savings  were  realized.  ("Koley's",  1988:51) 

Increases  in  the  overall  quality/service  is  another 
benefit  reported  by  companies  using  JIT  (Ansari,  1990:45). 

In  a  hospital,  increases  in  supply  quality/service  equate  to 
better  service  to  the  healthcare  provider  and  thus  the  pa¬ 
tient.  Pettus  states  that  although  a  hospital  may  implement 
a  JIT  system  to  save  money,  the  success  of  the  system  must 
be  measured  by  marked  improvements  in  service  levels 
(Pettus,  1990:71). 

Previous  research  by  Captain  Thomas  Harkenrider  indi¬ 
cates  that  military,  specifically  Air  Force,  hospitals  are 
capable  making  the  change  to  Just-In-Time.  Before  a  full 
implementation  of  this  policy  could  be  initiated  several 
concerns  regarding  wartime  requirements  need  to  be  addressed 
(Harkenrider,  1991:81).  However,  several  of  the  principles 
of  JIT,  i.e.  increased  predictability,  are  met  by  the  dedi¬ 
cated  truck  program. 
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CxistOBer  Service 


Improving  the  flow  of  materials  to  the  customer  is 
vital  for  organizational  success.  Therefore  customer  ser¬ 
vice  has  assumed  greater  importance  (Byrne,  1992:169).  One 
of  the  benefits  emphasized  by  JIT  proponents  is  increased 
quality  of  service  (Ansari,  1990:45).  A  study  of  450  orga¬ 
nizations  showed  that  improved  service  reliability  increased 
customer  satisfaction  and  more  responsive  order  fulfillment 
helped  their  customers  cut  inventories  dramatically  (Byrne, 
1992:178).  A  component  of  the  dedicated  truck  program  is 
the  regular  delivery  schedule  of  supplies  reducing  the 
customer's  uncertainty  about  delivery. 

Lead-time  effects  customer  service  as  well  as  inventory 
levels.  It  is  clear  that  shorter  lead-times  reduce  safety 
stock  related  costs.  In  addition,  a  reduction  in  lead-time 
variability  results  in  increased  reliability  and  the 
potential  reduction  of  safety  stocks  (Gerchak,  1991:191). 

Quality  in  logistics  includes  timely  and  reliable  de¬ 
livery  (Byrne,  1992:180).  For  many  logistics  organizations, 
service  is  defined  as  regular,  on-time  delivery  and  is  one 
of  the  main  components  of  customer  satisfaction.  Reliabili¬ 
ty  is  another  key  element  of  customer  service  (Bradley, 
1991:80;  Muller,  1991:40).  Based  on  these  studies,  the 
scheduled  delivery  of  supplies  provided  by  the  dedicated 
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truck  program  are  a  marked  Improvement  to  customer  service 
over  previous  methods. 


ShifSBent  Methods 

DLA  uses  a  variety  of  different  methods  of  transporting 
medical  supplies  to  the  requesting  hospital.  The  method  of 
choice  is  based  upon  several  different  factors.  The  most 
iij'portant  of  these  are  economy,  priority  (urgency  of  need)  , 
distance,  and  size  and  weight  of  the  package.  For  routine 
supply  requests  the  prime  method  of  shipment  is  "Less-Than- 
Load”  ! LTD .  LTL  is  a  transportation  term  indicating  the 
total  shipment  is  less  than  a  40  foot  truckload  based  on 
weight  or  -'olume  (Connelly,  1992). 

Undsi‘  the  LTL  shipment  policy,  the  DLA  depot  electroni¬ 
cally  stores  or  "banks”  MROs  for  up  to  eight  days  until  a 
large  enough  volume  has  accumulated  to  justify  a  shipment  to 
the  geographic  area  where  that  hospital  is  located.  The 
MROs  are  then  printed  and  become  the  daily  workload.  The 
supplies  are  pulled  from  the  shelves  and  prepared  for  ship¬ 
ment  . 

The  trucking  company  under  contract  for  that  region  is 
notified  when  an  LTL  shipment  is  ready  for  pick-up.  The 
truck  making  the  pick-up  from  the  depot  may  have  several 
stops  since  the  shipment  does  not  fill  the  truck.  It 
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carries  the  suppli^^s  to  a  freight  consolidation  warehouse 
for  shipment  to  another  warehouse  servicing  the  local  area 
of  the  hospital  (Connelly,  1992). 

This  is  the  method  referred  to  in  later  sections  as  the 
LTL  method.  In  contrast,  the  method  under  study  is  known  as 
the  dedicated  truck  program - 

Under  this  method  of  shipment  requisitions  are  no  lon¬ 
ger  banked  at  the  DLA  depot  prior  to  being  processed  for 
shipment.  Instead  of  storing  these  requisitions  to  reach  a 
certain  volume  for  a  geographic  area,  they  are  processed  as 
they  are  received.  Hospitals  are  grouped  into  clusters 
based  on  combined  volume  of  the  cluster  and  individual 
hospital  geographic  location. 

A  schedule  of  deliveries  is  determined  based  on  the 
combined  volume  of  the  cluster  and  trucks  are  contracted  to 
pick-up  at  the  depot  at  a  regularly  scheduled  time  and  date. 
The  supplies  they  pick-up  are  delivered  directly  to  the 
hospitals  in  the  cluster  also  at  a  regularly  scheduled  time 
and  day.  The  supplies  are  not  processed  by  any  other  ware¬ 
houses  or  transferred  to  any  other  trucks.  The  only  stops 
are  at  other  hospitals  within  the  cluster. 

Since  the  dedicated  truck  is  scheduled  and  not  contin¬ 
gent  upon  a  certain  weight  or  volume,  shipment  costs  vary. 
The  depot  must  pay  for  a  full  load  (40,000  lbs)  regardless 
of  the  weight  or  volume  actually  shipped.  Offsetting  this 
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is  the  fact  that  full  load  rates  are  lower  than  LTL  rates 
allowing  a  lower  break-even  point  for  the  program  (Connelly, 
1992)  . 

DLA  currently  estimates  a  savings  of  $200  per  truck  and 
projects  an  annual  savings  of  $750,000  after  full  implemen¬ 
tation.  Another  benefit,  reduction  in  the  percent  of  sup¬ 
plies  ordered  by  the  hospital  on  a  high  priority  requiring 
alternate,  more  expensive,  shipping  methods,  is  expected  but 
more  difficult  to  enumerate  (DLA,  1992). 


Lead-time  Components 

The  Defense  Logistics  Agency  Integrated  Data  Bank 
(DIDB)  collects  and  stores  information  about  every  requisi¬ 
tion  received  by  DLA.  Each  requisition  is  tracked  from 
receipt  of  the  requisition  at  DLA  until  the  requesting  hos¬ 
pital  acknowledges  receipt  of  the  materiel.  This  allows 
researchers  to  break  the  process  down  into  discrete  compo¬ 
nents  . 

This  research  is  concerned  with  the  components  referred 
to  as  depot  process  time  and  materiel  in-transit  time. 

Depot  processing  time,  for  the  purposes  of  this  research,  is 
defined  as  beginning  on  the  MRO  transaction  date  and  ending 
on  the  shipping  date.  Depot  processing  time  includes  the 
bank  time  as  well  as  the  time  required  by  the  depot  to 
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process  the  HRO,  pull  the  supplies,  consolidate  and  package 
them  for  shipping,  and  arrange  for  transportation. 

Materiel  In-transit  time  begins  on  the  shipping  date 
and  ends  upon  hospital  acknowledgment  of  receipt.  It  is 
encompasses  both  the  time  required  for  the  transportation 
system  (military,  commercial  or  contracted)  to  move  the 
supplies  from  the  depot  to  the  requesting  hospital,  as  well 
as  time  for  the  hospital  to  process  the  receipt - 
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Figure  2.  Total  Processing  Time  Components. 


Initial  Surveys 

The  dedicated  truck  program  was  initiated  in  December 
1991  using  the  Washington,  DC  area  as  the  official  test 
site.  The  Mechanicsburg  depot  set  up  a  cluster  consisting 
of  Malcom  Grow,  Bethesda,  and  Walter  Reed  Medical  Centers. 
Due  to  the  large  quantities  of  supplies  ordered  by  these 
facilities  the  schedule  consisted  of  three  deliveries  a  week 
(DLA,  1992). 

A  preliminary  customer  survey  of  these  facilities  was 
conducted  30  days  after  the  dedicated  truck  program  began. 
Responses  to  the  survey  indicated  perceived  reductions  in 
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lead-time  from  25-45  days  prior  to  the  program  to  an  average 
of  6-10  days  for  these  facilities.  Data  collected  by  DLA 
also  indicated  a  dramatic  change  in  the  lead-time  although 
not  as  great  as  the  previous  survey.  The  DLA  data  looked 
solely  at  the  depot  processing  time,  consisting  of  bank, 
storage,  transportation,  and  materiel  in- transit  time,  ac¬ 
counting  for  some  of  the  difference  between  their  figures. 

According  to  DLA  the  lead-time  was  7.7  days  prior  to 
the  dedicated  truck  program  and  dropped  to  4  days  after  its 
adoption.  The  DLA  data  showed  that  bank  time  actually  in¬ 
creased  slightly,  while  storage  time,  time  awaiting  trans¬ 
portation,  and  materiel  in-transit  time  decreased  (DLA, 

1992) . 


Sunmary 

Research  question  one  dealt  with  effect  upKsn  inventory 
levels.  It  has  been  shown  that  based  on  the  research  of 
other  experts  in  the  field  of  inventory  management,  reduc¬ 
tions  in  lead-time  and  lead-time  variance  have  a  clear  ef¬ 
fect  upon  inventory  levels.  Reduction  of  lead-time  and 
lead-time  variance  are  an  integral  part  of  JIT  practice. 
Under  full  JIT  implementation,  inventory  levels  maintained 
at  the  hospital  are  reduced  drastically  to  a  minimum  level 
or  eliminated  completely-  Incrementally  reductions  in 
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inventory  levels  are  also  possible  as  lead-time  is  reduced 
and  reliability  increased. 

Research  question  two  asked  how  customer  service  was 
effected  by  the  program.  In  response  to  this  relicibility 
has  been  shown  to  be  a  key  factor  in  customer  service  and 
vital  to  achieving  customer  satisfaction.  In  this  light, 
the  regularly  scheduled  deliveries  that  are  an  integral  part 
of  the  dedicated  truck  program  are  critical  to  maintaining 
customer  service  and  satisfaction. 

The  third  research  question  dealt  with  the'  lead  time 
components  to  be  measured.  The  component  breakdown  used  to 
measure  the  actual  results  of  the  dedicated  truck  program 
resulted  in  three  measurements.  The  first  component,  depot 
processing  time,  is  measured  from  the  MRO  date,  established 
by  DPSC  upon  transmission  to  the  depot,  until  the  date  it  is 
released  to  the  transportation  section,  the  ship  date.  The 
second  component,  shipping  time,  is  measured  from  the  ship 
date  until  the  requesting  hospital  processes  the  materiel, 
acknowledging  receipt.  A  third  measure  is  included  combin¬ 
ing  the  results  of  the  two  individual  components  and  called 
the  total  processing  time. 

To  follow  these  results  the  next  chapter  examines  the 
methodology  used  to  answer  the  remaining  three  research 
questions.  It  discusses  the  experimental  design  and  exam¬ 
ines  the  statistical  analyses  used  to  study  and  manipulate 
the  model. 


26 


Intrcxiuction 


This  chapter  addresses  the  methodology  used  to  conduct 
the  research.  It  is  divided  into  four  sections.  The  first 
part  reviews  the  purpose  and  the  specific  questions  this 
research  addresses.  New  terms  and  the  meaning  of  acronyms 
used  in  this  chapter  are  also  listed  here.  The  second 
section  discusses  the  experimental  design,  how  the  data  was 
collected  and  the  variables  used  in  the  model .  The  third 
section  examines  the  model  and  the  statistical  analyses  used 
to  study  and  manipulate  it.  The  final  section  describes 
analysis  used  to  answer  each  of  the  research  questions. 


Purpose 

The  literature  review  addressed  the  first  three 
research  questions  of  this  study.  Briefly,  it 
established  that  a  reduction  in  lead-time  and  lead-time 
variance  should  allow  a  reduction  in  overall  inventory 
levels  and  specifically  in  safety  stock  levels.  The 


influence  of  lead-time  on  reliability  and,  consequently,  on 


customer  service  was  established  as  a  major  factor. 

Finally,  the  lead-time  components  of  the  DLA  supply  system 
affected  by  the  dedicated  truck  program  were  determined  and 
defined. 

Three  research  questions  remain  to  be  answered: 

4 .  Did  a  measurable  decrease  in  lead-time  occur 
in  the  components  affected  by  the  new  program? 

5 .  Did  a  measurable  decrease  in  lead-time 
variance  occur  under  the  new  program? 

6.  If  a  decrease  in  the  lead-time  or  lead-time 
variance  has  occurred,  can  these  be  attributed  to  the 
implementation  of  the  dedicated  truck  program,  or  can  they 
be  explained  by  other  means? 

In  order  to  discover  the  answers  to  these  questions ,  an 
analysis  of  data  from  actual  shipments  of  materiel  is 
necessary.  The  focus  of  this  chapter  is  the  methodology 
used  to  answer  these  questions. 

Definitions .  Some  of  the  terms  and  acronyms  used  in 
this  chapter  are  reviewed  here. 

Military  Standard  Requisitioning  and  Issue  Procedures 
(MILSTRIP)  provide  a  system  for  requesting  supplies  and 
requisition  status  within  DOD  supply  systems  (AR  725-50, 
1988:  6-1). 


Military  standard  Transportation  and  Movement 


Procedures  (HILSTaHF)  pi'ovide  a  format  for 


WWA  t  W  ^ 
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transportation  of  supplies  and  equipment  within  DOD  (AR 
725-50,  198£;  C^-1)  . 

Inventory  Control  Point  (ICP)  is  the  agency  charged 
with  the  inventory  management  functions  of  the  commodity. 

In  the  case  of  medical  materiel,  this  is  the  Defense 
Personnel  support  Center  (DPSC)  in  Philadelphia 
Pennsylvania. 

Dedicated  Truck  (DT)  is  the  ''new"  method  of 
transporting  medical  supplies  from  the  depot  to  the 
customer.  It  is  based  on  a  contract  for  regular,  direct 
shipments  cf  medical  materiel  from  the  DLA  depot  to  the 
requesting  hospital.  The  effectiveness  of  this  program  is 
the  subject  of  this  study. 

Less  than  Truckload  (LTL)  is  the  "old"  method  of 
transporting  medical  supplies  from  the  depot  to  the 
customer.  Under  this  method,  medical  materiel  is  shipped  on 
an  irregular  basis  through  a  contractor  who  may  intermingle 
these  shipments  with  others  for  the  same  general  geographic 
location,  and  may  make  several  trans-shipments  prior  to 
delivery. 

Materiel  Release  Order  (MRO)is  an  electro.'ically 
transmitted  document  from  the  ICP  to  the  depot  instructing 
them  to  release  and  ship  an  order. 
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Model  Design 


Models  Used  in  the  Study.  This  study  was  originally 
designed  to  use  a  single  model.  However,  problems 
encountered  with  confounding  interactions,  to  be  discussed 
later  in  this  chapter,  necessitated  the  use  of  two  separate 
models.  For  the  sake  of  simplicity  each  of  these  will  be 
discussed  in  this  section. 

Full  Model.  The  first  model.  Figure  3,  consists  of  a 
2x2x6  blocked  factorial  design.  The  independent  variables, 
which  are  explained  later  in  this  chapter,  are  method  (LTL, 
DT) ,  window  (pre-  and  post-conversion) ,  and  the  blocking 
varieibie  is  hospital  pair.  This  partitioning  of  the  data 
results  in  a  total  of  24  cells  for  each  of  the  three  depen¬ 
dent  variables  being  measured.  The  mimber  of  observations 
in  each  of  the  24  cells  are  not  equal.  They  range  from  a 
low  of  64  observations  to  a  high  of  1568  observations. 

This  is  the  primary  model  used  as  it  facilitates  the 
study  of  main  effects  and  allows  for  the  testing  of 
interactions  between  the  factors.  The  model  however,  has  a 
limitation  in  that  statistical  software  package  used  will 
support  only  comparisons  between  class  variables.  Since  the 
analysis  of  simple  main  effects  became  necessary  due  to 
confounding  interactions,  it  was  necessary  to  construct  a 
second  model . 
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Figxire  3.  Full  Model  Blocked  Factorial  Design. 


Alternate  Model.  The  second  model,  referred  to  as  the 
alternate  model ,  combines  the  two  independent  variables  of 
Treatment  and  Window  into  one  variable  called  group.  Group 
then  has  one  of  four  values,  LTL  Before,  LTL  after,  DT 
before  and  DT  after.  This  is  an  equivalent  arrangement 
which  results  in  the  same  24  cell  partitioning  of  the  data, 
has  the  equivalent  R"*  and  suras  of  squares  of  the  full  model. 
The  advantage  of  this  model  is  that  it  allows  for  the 
examination  of  simple  main  effects  via  pairwise'  comparisons. 
An  illustration  of  the  partial  model  is  at  Figure  4. 


Alternate  Model  Design 


T-yw  'Winn  Lew  Tlian 
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Figure  4.  Alternate  Model  Design. 
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Research  Methodology 


"Experimental  design  is  the  plan  for  assigning 
experimental  conditions  to  subjects  and  the  statistical 
analysis  associated  with  rhe  plan."  (Kirk,  1982:1).  It 
includes  determination  of  experimental  units,  independent 
and  dependent  variables,  nuisance  variables,  and  the  method 
of  assigning  treatments.  True  experimental  design  requires 
that  the  subjects  be  rardomly  selected  and  the  treatment  be 
ramdomly  assigned  (Kirk,  1982:2).  This  research  is 
conducted  using  a  quasi-experimental  design  since  neither 
the  subjects  nor  the  treatments  could  be  randomly  assigned. 
It  consists  of  an  observational  study  over  time. 

Population.  The  population  for  this  experiment  is  all 
routine  priority  shipments  made  from  DLA  depots  to  military 
hospitals  for  stocked  medical  materiel  during  the  period  30 
June  1991  to  31  December  1992.  Only  routine  priority 
requisitions  are  included  necause  methods  for  the 
calculation  of  lead-time  (order-ship  time)  and  safety  level 
stocks  are  based  on  standard  requisitioning  rather  than 
emergency  (high  priority)  requisitioning.  The  inclusion  of 
high  priority  shipments  in  the  experiment  would  skew  the 
results  in  a  manner  inconsistent  with  the  purpose  of  this 
research. 

Sample .  The  sample  consists  of  all  routine  priority 
shipments  made  during  the  stated  time  period  to  16  selected 
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military  hospitals.  Eight  of  the  hospitals  selected 
underwent  the  change  to  dedicated  truck  method  of  shipment 
during  the  period  of  December  1991  to  September  1992.  This 
group  of  hospitals  serves  as  the  test  group.  Hospitals 
within  the  test  group  are  individually  matched  to  eight 
military  hospitals  which  did  not  convert  to  the  dedicated 
truck  method  of  shipment  during  that  period  (some  converted 
after  the  test  period).  This  second  group  serves  as  the 
control  group. 

Since  the  design  of  this  experiment  includes' the  use  of  a 
control  group  it  was  preferable  to  pick  control  and  test 
groups  that  are  as  similar  to  each  other  as  possible 
(Campbell,  1966:48).  Accordingly,  the  match  between  test 
hospital  and  control  hospital  is  based  on  three  major 
factors:  distance  from  depot  to  hospital,  volume  of  materiel 
shipped,  and  servicing  depot.  These  are  described  in  more 
detail  later. 

The  range  of  sample  data  collected  for  each  pair  of 
hospitals  was  governed  by  the  date  of  the  test  hospital 
being  placed  on  the  dedicated  truck  program.  A  fifteen-day 
window  both  before  and  after  the  conversion  date  was 
eliminated  to  control  for  conversion  turbulence.  All 
routine  priority  requisitions  with  an  HRO  date  within  a 
ninety-day  period  prior  to  the  conversion  window  were 
collected  as  pre-conversion  window  data  for  both  the  test 
and  control  hospital.  A  similar  ninety-day  period  following 
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the  end  of  the  conversion  window  was  identified  as  the  post¬ 
conversion  window  and  data  collection  was  perforroed. 

Data  Source.  Two  soiarces  were  used  to  collect  data  for 
this  experiment.  The  first  was  the  Defense  Logistics  Agency 
Integrated  Data  Bank.  Access  to  this  information  was 
provided  to  us  by  DPSC.  Our  second  source  was  the  Army 
Logistic  Control  Agency  (LCA)  which  is  charged  with 
capturing  and  maintaining  status  and  control  information  on 
all  requisitions  submitted  by  Army  activities  through  DOD 
channels. 

Data  Set.  The  observations  in  each  data  set  were 
processed  to  insure  that  each  observation  met  the  following 
criteria; 

1.  Completeness  -  Each  observation  was  checked  to 
insure  that  it  contains  an  activity  designator,  shipping 
depot  code  and  all  three  dates  required  by  the  study:  MRO 
date,  shipping  date,  receipt  date.  Observations  with  one  or 
more  missing  elements  were  eliminated  from  the  data  set. 

This  was  the  largest  cause  of  elimination  of  observations, 
and  in  fact.  Naval  hospitals  were  completely  eliminated  from 
the  study  due  to  incomplete  records. 

2.  Appropriateness  -  Records  were  checked  to 
insure  they  were  appropriate  for  the  study.  Records  were 
identified  as  inappropriate  if  they  were: 

a)  shipped  to  activities  other  than  the 
ordering  activity. 
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cards . 


b)  not  routine  priority  shipraents. 

c)  not  orders  for  materiel,  i.e.  status 


3.  Uniqueness  ~  Duplicate  records  were  identified 
and  eliminated. 

4 .  Incorrect  depot  -  Records  were  checked  to 

insure  that  the  shipments  originated  from  the  activity 
designated  supporting  depot.  Shipments  which  were  to 

an  activity  from  depots  other  than  the  activity's  supporting 
depot  were  eliminated  from  the  data  set  since  these  would 
confound  ■the  data  by  crossing  the  normal  geographic 
boundaries. 

Tables  2  and  3  show  a  brief  breakdown  of  the  two  data 
sets  received. 


Table  2.  DLA  Preliminary  Data  Set 


Data  Set  One:  DIA  Integrated  Data  Bank  (DIDB) 


Total  observations 


89,753 


Status  requests  (non-requisitions) 


-2,129 


Incomplete  observations 


-55,344 


Inappropriate  observations 


-2,285 


Outside  of  windows 


-17,320 


Other  than  supporting  depot 


-2,226 


DIA  Preliminary  Data  Set 


10,649 
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Table  3.  LCA  Preliminary  Data  Set 


Data  Set  Two:  Army  LCA  file 


Total  observations _ 

Duplicate  observations 
Incomplete  observations 
Inappropriate  observations 
Outside  of  window 
Unmatched  hospitals 
Other  than  supporting  depot 
LCA  Preliminary  Data  Set 


119,763 

-9,050 

-26,271 

-1,476 

-46,712 

-17,489 

-6,114 

12,651 


Upon  completion  of  all  data  checks  the  two  data  sets  were 
combined  and  duplicates  were  removed.  The  14,873  remaining 
observations  constituted  the  preliminary  data  set  for  this 
study.  Initial  review  of  the  data  set  revealed  additional 
problems.  T>#o  hospital  pairs,  of  the  original  eight  pairs, 
each  had  ar  empty  data  cell  for  one  of  the  pair.  The  data, 
consisting  of  1,788  observations,  for  those  two  hospital 
pairs  was  tiliminated  leaving  a  data  set  of  13,085 
observations  for  six  hospital  pairs. 

Questionable  Observations.  In  order  to  identify 
observations  which  might  not  accurately  reflect  the 
processiug  time,  observations  were  examined  from  an 
operational  viewpoint  prior  to  any  statistical  analysis. 

The  examination  of  the  preliminary  data  set  was  based  on  the 
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three  dependent  variables:  depot  processing,  materiel  in¬ 
transit  time,  and  total  processing  time,  and  resulted  in 
additional  deletions  from  the  data  set. 

All  records  which  had  a  negative  value  for  any  of  the 
dependent  variables  were  considered  to  be  erroneous  and 
eliminated  from  the  data  set. 

Observations  having  materiel  in-transit  times  of 
greater  than  30  days  were  eliminated  based  on  the  authors' 
combined  25  years  of  logistics  experience.  When  in-transit 
status  has  been  received  against  a  requisition  and  the 
materiel  is  not  received  within  30  days,  it  is  standard 
procedure  to  close  the  requisition,  and  place  a  trace  on  the 
shipment.  Therefore,  any  entry  for  a  receipt  date  which 
results  in  a  materiel  in-transit  time  in  excess  of  30  days 
is  considered  to  be  unreliable. 

The  final  cluster  of  data  examined  included  all 
observations  with  materiel  in-transit  time  or  data 
processing  time  in  excess  of  15  days.  These  observations 
were  examined  for  any  discernable  pattern.  Although  no 
pattern  was  noted  for  the  majority  of  observations,  one 
group  of  observations  appeared  to  have  been  caused  by  other 
than  normal  processing  procedures. 

This  group  of  requisitions  was  from  Malcolm  Grow 
Medical  Center.  The  group  consisted  of  93  requisitions, 
each  of  which  was  released  for  processing  on  11  October  1991 
(91284),  shipped  on  24  October  1991  (91297),  and  receipted 
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on  13  November  1991  (91317).  The  depot  processing  and 
materiel  in-transit  times  were  identical  for  all 
requisitions  in  this  group  indicating  a  possible  deliberate 
delay  by  the  depot  before  shipping  and  a  delay  in  processing 
the  receipts  by  the  medical  center.  Due  to  the  passage  of 
time,  no  documentation  could  be  found  to  support  this 
theory.  However,  the  large  number  of  requisitions,  each 
processed  in  the  same  time  frame  are  so  inconsistent  with 
normal  depot  and  unit  operations  that  it  was  decided  to 
remove  them  from  the  data  set. 

The  remaining  extreme  observations  showed  no  pattern 
and  no  evidence  of  unusual  circumstances  was  detected  so 
they  remained  in  the  data  set. 

Dependent  Variables.  The  dependent  variables  examined 
in  this  experiment  are  depot  processing  time,  materiel 
in-transit  time,  and  total  processing  time.  Depot 
processing  is  measured  from  the  transmission  date  (from  DPSC 
to  the  depot)  to  the  date  the  shipment  is  made.  Materiel 
in-transit  time  begins  with  the  ship  date  and  includes 
actual  transit  time,  plus  base  and  hospital  supply 
processing  time.  Total  processing  time  is  the  combination 
of  the  two  times. 

All  three  of  the  dependent  variables  are  measured  in 
days.  Since  they  are  quantitative,  and  have  an  absolute 
zero  they  can  be  treated  as  ratio  data. 
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Indeperident  Variables.  In  creating  the  model  for  this 
experiment  we  used  three  categorical  independent  variables. 
The  first  independent  variable,  method,  indicates  whether 
the  data  are  from  a  hospital  under  the  old  less-than- 
truckload  method  (LTL),  or  the  new  dedicated  truck  program 
(DT).  The  second  independent  variable  is  window,  the  Before 
level  indicates  the  data  are  pre-conversion,  while  the  After 
level  indicates  the  data  are  post -conversion. 

The  third  independent  variable,  a  blocking  variable,  is 
the  hospital  pair  and  it  has  six  levels.  Every'  hospital  has 
a  number  of  characteristics  such  as  servicing  depot, 
distance  from  that  depot,  and  service  affiliation  that  may 
affect  depot  processing  and  material  in-transit  time. 
Therefore,  each  hospital  in  the  test  group  was  matched  for 
these  characteristics  as  closely  as  possible  to  allow  the 
affects  of  some  of  these  characteristics  to  be  controlled. 

Confounding  Variables.  The  four  major  factors 
considered  in  selecting  control  and  test  hospitals  and 
leading  to  the  hospital  pairing  are  also  the  major 
confounding  variables.  They  are  distance  from  depot  to 
activity,  volume  of  materiel  shipped,  servicing  depot,  and 
seasonality.  A  further  description  of  each  is  in  order. 

Distance  from  depot  to  activity  has  an  obvious  and 
unavoidable  effect  upon  the  materiel  in-transit  time. 
Hospitals  are  paired  so  that  both  hospitals  could  receive 
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deliveries  within  the  same  time  frame  i.c.  one  days  travel 
or  two  days  travel. 

Volume  of  materiel  shipped  may  affect  the  total 
processing  time  in  several  ways  and  is  very  difficult  to 
control.  Characteristics  of  the  hospital  such  as  workload, 
type  of  facility,  and  service  affiliation  could  impact  the 
average  volume  of  materiel  shipped  to  a  facility. 

Workload  of  the  facility  has  a  direct  impact  on  the 
quantities  of  materiel  required  to  perfoirm  that  work,  and 
subsequently  the  amount  of  materiel  which  could  be  ordered 
and  shipped  from  the  depot. 

Type  of  facility  is  another  characteristic  that  may 
affect  the  quantity  and  type  of  supplies  ordered.  A  small 
hospital  offers  a  limited  variety  of  medical  specialties 
compared  to  a  medical  center  where,  in  addition  to  a  greater 
diversity  of  specialists,  several  medical  teaching  programs 
may  be  located.  This  greater  diversity  affects  both  the 
quantity  and  type  of  materiel  required  by  the  medical 
center.  To  a  lesser  degree,  this  variation  also  occurs 
between  hospitals  of  different  sizes. 

Service  affiliation  (Air  Force,  Army  or  Navy  )  is  a 
third  characteristic  that  may  affect  the  volume  of  materiel 
ordered  from  the  DLA  system.  There  is  some  variation 
between  the  ordering  policies  of  the  three  services  and 
their  reliance  upon  DLA  supplied  materiel  (Pease,  1992). 
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Servicing  depot  may  have  a  profound  effect  upon  depot 


processing  time.  Potential  differences  in  operating 
procedures,  personnel  strength  and  experience,  and  shipping 
contractors  as  well  as  physical  layout  and  equipment  may 
affect  the  results  of  the  experiment.  There  are  three  main 
depots  involved  in  handling  medical  supplies. 

Mechanicsburg,  PA  services  the  eastern  region  of  the 
continental  D.S.,  Memphis,  TN  services  the  central  region, 
and  Tracy,  CA  services  the  western  region-  Figure  5 
outlines  these  regions. 


Tims  of  year  (seasonality)  can  effect  the  volume  of 
materiel  being  shipped,  the  depot's  ability  to  process,  and 
the  contractors  time  to  deliver  the  materiel.  The  effects 


of  sximaer  hires,  winter  storms,  holidays,  flu  epidemics  and 
other  seasonal  variations  on  the  processing  and  in-transit 
times  must  be  controlled.  Since  conversion  from  LTL  to  DT 
occurred  at  different  times  throughout  the  year  these 
variations  cannot  be  controlled  for  within  the  hospitals 
included  in  the  test  group.  By  using  data  from  the  same 
time  period  in  the  test  and  control  hospital,  seasonality  is 
controlled  for,  to  some  degree,  in  the  pairing. 

Internal  changes  at  individual  hospitals  provide  other 
potential  confounding  variables.  Installation  -of  new 
automation  systems,  manpower  changes,  and  even  physical 
facility  improvements  are  examples  of  major  events  that  may 
have  occurred  during  the  course  of  the  experiment  and  had  a 
significant  affect  on  the  dependent  variables  under  study. 
However,  these  events  could  not  be  accounted  for  within  the 
scope  of  this  experiment. 

Another  potential  source  of  variance  is  the  effect  of 
changing  from  the  less-than-truckload  method  to  the 
dedicated  truck  method  on  the  frequency  of  shipments  for 
each  hospital.  Under  less-than~ti'uckload  the  shipment 
frequency  for  a  particular  hospital  is  partially  deteri  ned 
by  the  volume  of  all  the  hospitals  in  the  geographic  region. 
However,  in  designing  the  Clusters,  geographic  region  is 
only  one  factor  considered.  A  cluster  may  consist  of 
hospitals  from  different  regions  and  may  include  more  or 
fewer  hospitals  than  the  original  geographic  region v 
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Therefore,  the  effect  of  changing  from  shipping  to  a 
geographic  area  to  shipping  to  an  individual  cluster  is 
exclusive  to  the  facility  in  question. 

This  may  best  be  explained  by  an  example  contrasting 
the  affect  of  changing  to  dedicated  truck  on  hospitals  A  and 
B.  Hospital  A  is  a  large  hospital  and  is  in  an  area  that 
has  a  high  volume  of  supplies  going  to  it.  This  high  volume 
will  trigger  frequent  shipments  to  the  region.  On  changing 
to  dedicated  truck  hospital  A  is  included  in  a  cluster  with 
other  large  hospitals  in  the  region  and  receives  shipments 
three  times  a  week.  Hospital  A  will  probably  not  experience 
a  large  change  in  its  processing  time. 

In  contrast,  hospital  B  is  a  small  hospital  and  in  a 
geographic  region  with  a  low  vol\xme  of  supplies.  Shipments 
to  this  region  and  subsequently  to  hospital  B  are  not  very 
frequent.  Hospital  B  however,  is  on  a  direct  route  to  a 
distant  group  of  hospitals  with  a  high  volume  and  is 
included  in  this  cluster  for  dedicated  truck.  Hospital  B 
now  receives  shipments  on  the  same  schedule  as  the  large 
hospitals  in  the  cluster  and  therefore  probably  experiences 
a  large  change  in  its  processing  times. 

As  the  above  example  illustrates,  this  factor  is  unique 
to  each  hospital.  It  has  the  potential  to  significantly 
affect  the  dependent  variables  of  the  experiment  but  is  not 
predictable  and  therefore  not  controlled  in  this  experiment. 
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Selection  of  Test  and  .control  Groups.  Several 


constraints  exist  in  the  selection  of  medical  facilities  for 
this  experiment.  The  first  constraint  is  the  availability 
of  data.  The  latest  data  available  are  for  the  first 
quarter  of  fiscal  year  1993  (October  -  December  1992).  In 
designing  this  experiment  the  decision  was  made  to  include 
ninety  days  of  post-  and  pre-conversion  data.  This  period 
provided  a  large  sample  size  while  allowing  the  use  of  some 
hospitals  as  controls  prior  to  their  own  conversion  to  the 
dedicated  truck  program.  It  also  restricted  the  selection 
of  medical  facilities  for  the  test  group  to  those  converted 
to  dedicated  truck  no  later  than  15  September  1992  (the  last 
day  that  allowed  the  collection  of  ninety  days  of  post¬ 
conversion  data). 

After  selecting  the  medical  facilities  which  could  be 
used  in  the  test  group,  all  other  facilities  were  considered 
as  possible  matches  to  be  used  as  controls.  In  order  to 
compare  facilities  a  database  was  created  combining 
information  about  the  workload,  geographic  location,  driving 
distance  from  the  depot,  servicing  depot,  service 
affiliation,  and  type  of  facility  for  every  military 
hospital  in  the  continental  United  States.  This  information 
was  obtained  from  the  individual  depots  and  the  U.S. 

Medicine  Directory  1992-93:  Major  Federal  Medical  Treatment 
Facilities.  Although  most  criteria,  such  as  service 
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affiliation,  type  of  facility,  and  distance,  are  easy  to 
obtain,  workload  is  far  more  complex. 

Workload  Determination.  The  volume  of  supplies, 
based  on  the  relative  workload,  is  one  of  the  criteria  used 
in  matching  test  hospitals,  with  those  used  as  controls. 
Relative  workload  was  chosen  to  illustrate  the  volume  of 
supplies  to  eliminate  individual  differences  in  the  method 
of  determining  the  workload. 

The  two  most  common  indicators  of  workload  are  the 
average  daily  bed  occupancy  and  the  number  of  clinic  visits. 
However,  it  is  nearly  impossible  to  find  two  hospitals  with 
the  same  ratio  of  bed  occupancy  and  clinic  visits.  As  an 
alternative  these  two  indicators  were  combined  into  one 
figure  to  allow  a  comparison  of  overall  workloads. 

In  order  to  combine  these  indicators,  it  is  necessary 
to  find  a  conversion  factor  to  equate  clinic  visits  with 
beds  occupied  in  terms  of  the  relative  quantity  of  supplies 
required  for  each.  Various  experts  at  the  Army  Health 
Services  Command  and  the  Air  Force  Surgeon  General's  Office 
were  consulted  and  recommendations  ranged  from  a  factor  of 
6:1  to  10:1.  Since  no  reliable  factor  could  be  found,  a 
different  approach  was  required. 

All  hospitals  in  the  database  were  ranked  in  ascending 
order  of  daily  bed  census  and  the  rankings  were  recorded. 
The  hospital  with  the  smallest  daily  bed  census  was  ranked 
number  1  and  the  largest  ranked  125. 
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The  database  was  then  subjected  to  a  sensitivity 
analysis  to  determine  if  the  rankings,  and  subsequent 
relative  workload,  were  sensitive  to  the  clinic  visit  to  bed 
occupancy  conversion  factor,  since  the  recommended 
conversion  factors  were  estimates,  a  wider  range  of 
conversion  factors,  3:1  and  25:1,  was  used  in  estimating 
equivalent  workloads  for  clinic  visits  and  beds  occupied. 

The  workload  figures  were  calculated  using  the  following 
equation: 

Worldoad  =  (Average  daily  bed  occupanq  *  365)  +  (Annual  clinic  visits'*  conversion  factor) 

After  calculating  the  workload  with  one  conversion 
factor,  the  resulting  figures  were  again  ranked  from  l  to 
125.  The  ranking  for  each  hospital  was  noted,  and  the 
calculation  and  ranking  repeated  for  the  second  conversion 
factor. 

The  relative  workload  rankings  of  each  potential 
hospital  pair  were  examined.  Those  with  less  than  a  10% 
deviation  for  both  workload  estimates  were  considered  to 
have  equivalent  workloads. 

An  examination  of  Table  4  will  show  that  this  is  true 
for  all  hospital  pairs  except  pair  two.  Although  hospital 
pair  two  varies  only  7%  using  the  25:1  conversion  factor  it 
varies  17%  at  3:1.  Despite  this  pair  two  was  retained  in 
the  study  because  it  met  all  other  criteria  and  was  the  only 
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hospitial  pair  served  by  the  Tracy  depot  for  which  data  was 
available. 

A  final  database  was  created  coaibining  all  of  the 
factors  used  in  matching  the  hospitals:  service  affiliation, 
type  of  facility,  servicing  depot,  distance,  and  relative 
standings  based  on  workload  conversion  factors.  Hospitals 
were  then  selected  and  placed  in  the  control  group  as  best 
matches  for  the  test  hospitals  using  all  the  listed  factors. 
Appendix  A  contains  all  the  factors  used  in  creating  the 
hospital  pairs. 

The  data  set  was  divided  into  six  hospital  pairs  and 
each  data  set  was  further  subdivided  into  four  separate 
cells  representing  the  two  levels  of  method  and  window. 

This  division  of  data  resulted  in  the  24  separate  cells  that 
were  used  in  the  analysis. 


Statistical  tool 


An  Analysis  of  Variance  (ANOVA)  using  the  General 
Linear  Models  (GLM)  approach  was  chosen  as  the  method  of 
analysis  for  the  data  in  this  study.  The  SAS  software 
system  (version  6,  copyright  1990),  was  used  to  conduct  the 
analysis.  SAS  is  a  registered  trademark  of  the  SAS 
Institute . 

ANOVA  was  selected  over  Regression  for  two  reasons;  the 
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Table  4.  Hospital  Pair  Information 


Pair  Knto: 

Service 

Size 

Gremp 

. 

Delivery 

Distance 

lorii-loal 

25:1 

loric-load 

3:1 

1 

AF 

C 

PA 

T 

1  day 

109 

108 

1 

AF 

c 

PA 

C 

1  day 

112 

no 

2 

AE 

c 

TR 

T 

1  day 

111 

102 

2 

AE 

c 

TR 

C 

WBBm 

120 

123 

3 

AS 

n 

ME 

T 

1  day 

102 

112 

3 

AR 

n 

K£ 

C 

1  day 

105 

106 

4 

AE 

M 

PA 

T 

1  day 

72 

67 

4 

AP. 

Hi 

PA 

C 

1  day 

i9 

61 

5 

AF 

s 

ME 

— 

1  day 

23 

29 

5 

AT 

s 

HE 

1  day 

21 

24 

6 

AE 

n 

HE 

mpQini 

2  day 

106 

113 

6 

AE 

n 

ME 

c 

2  day 

110 

116 

Key: 


Depot:  MEmphis,  TN  Meehan icsburg,  PA  TRacy,  CA 

Group;  Test,  Control 


independent  variables  in  this  study  are  categorical ,  and 
ANOVA  does  not  require  any  assumptions  to  be  made  regarding 
the  statistical  relationships  between  the  variables  (Neter 
and  others,  1990:518). 

The  General  Linear  Model  was  selected  in  particular 
because  the  experimental  design  is  unbalanced.  Although  the 
ANOVA  procedure  in  SAS  processes  data  more  efficiently  than 
GLM,  GLM  is  recommended  where  direct  computation  of  the  sum 
of  squares  fails  as  in  the  case  of  an  unbalanced  design 
(Freund  and  Littel,  1985:85). 
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Plan  of  Analysis 


A  standardized  plan  was  developed  to  study  each  of  the 
dependent  variables.  This  plan  of  analysis  includes  a 
listing  of  descriptive  statistics  by  group,  testing 
assumptions  of  the  design,  modifying  the  data  as  required, 
and  checking  the  model  for  confounding  interactions.  Since 
two-  and  three-way  interactions  were  found  to  be  significant 
the  analysis  was  concluded  by  studying  simple  main  effects 
using  pairwise  comparisons  (Neter  and  others,  1385:805-8). 

Differences  in  variance  are  also  of  interest  in  this 
experiment  and  are  examined  using  the  Bartlett  test  and 
simple  comparison. 

Descriptive  .Statistics  _as.  a  Group.  Since  the  intent  of 
this  research  is  to  be  able  to  make  inferences  concerning 
the  effect  of  the  Dedicated  truck  program  on  the  dependent 
variables,  the  data  was  initially  collapsed  across  the  six 
blocked  hospital  pairs.  A  listing  of  the  group  sizes,  means 
and  variances  are  in  Tables  5  to  7.  Similar  listings  for 
individual  cells  may  be  found  at  Appendix  C. 

Table  5.  Descriptive  Statistics  for  Total  Processing  Time 


Group 

n 

Mean 

Variance 

LTI,  Before 

1149 

11.023 

35.457 

LTL  After 

3630 

11.724 

42.726 

DT  Before 

2154 

10.863 

45.558 

DT  After 

3999 

10.372 

25.839 
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Table  6.  Descriptive  Statistics  for  Depot  Processing  Time 


Group 

n 

Mean 

Variance 

LTL  Before 

3149 

4.94 

16.88 

LTL  After 

3630 

5.664 

16.424 

DT  Before 

2154 

4.955 

15.563 

DT  After 

3999 

6.058 

12.5 

Table  7.  Descriptive  Statistics  for  Materiel  In-Transit 


Group 

n 

Mean 

Variance  | 

LTL  Before 

3149 

6.084 

13.274 

LTL  After 

3630 

6.06 

17.259 

DT  Before 

2154 

5.908 

19.518 

DT  After 

3999 

4.315 

10.772 

Histograms  were  also  done  on  each  of  these  groups  to 
determine  if  there  were  gross  departures  from  normality  for 
any  of  the  three  dependent  variables.  Examination  showed 
that  the  data  is  not  normally  distributed.  The  histograms 
for  the  four  groups  are  at  Appendix  B. 

Underlying  Assumptions  of  the  Design.  There  are  two 
groups  of  assumptions  which  need  to  be  met  in  order  for  tne 
results  of  this  study  to  be  valid.  These  are  associated 
with  either  the  F  statistic  in  the  ANOVA  model  or  with  the 
design  of  the  experiment  itself.  Since  the  two  groups  of 
assumptions  overlap  they  are  contained  in  one  list.  These 
assumptions  are: 

1.  That  the  data  arc  distributed  normally. 
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2.  Tile  errors  are  independent,  and  are  normally 
distributed  within  each  population  with  a  mean  of  zero. 

3.  The  experiment  contains  all  the  treatment 
levels  of  interest. 

4.  That  the  samples  were  randomly  selected  and 
treatments  randomly  assigned. 

5.  The  population  variances  and  error  term 
variances  must  be  homogeneous  between  the  cells.  (Kirk, 
1982:  74-75) 

Determination  of  Normality.  The  histograms  of  the 
individual  cells  were  very  similar  to  those  of  their 
corresponding  group.  From  these  and  the  results  of  the 
Wilkes-Shapiro  test  in  the  SAS  procedure,  PROC  Univariate, 
it  was  concluded  that  the  data  is  not  noirmally  distributed. 
The  individual  cell  scores  for  the  Wilkes-Shapiro  ranged 
from  0.6S  to  0.96.  with  a  score  of  1.0  indicating  normality. 
An  examination  of  the  charts  at  Appendix  B  shows  that  of  the 
three  dependent  varieibles,  depot  processing  time  appears  the 
least  normal  and  total  time  is  the  closest  to  noirmal .  The 
histograms  done  in  this  section  demonstrate  that  although 
neither  the  group  nor  the  cell  distributions  are  normal, 
they  are  not  radical  departures  from  normality. 

All  cell  distributions  are  similar  in  shape  in  that 
they  are  unimodal  and  are  skewed  to  the  right.  Since 
research  has  demonsrrated  that  the  F  statistic  is  very 
robust  with  respect  to  normality,  and  mild  to  moderate 
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deviations  from  normality  will  not  effect  the  power  or 
significance  of  the  test,  the  ANOVA  model  is  still 
appropriate  (Kirk,  1982:75). 

Error  Terms.  Assumption  two,  errors  are 
independent  and  are  normally  distributed  within  each 
population  with  a  mean  of  zero,  was  tested  by  running  an 
ANOVA  using  the  full  experimental  model  to  generate 
residuals.  These  residuals  were  then  separated  into  cells 
and  subjected  to  the  same  descriptive  tests  as  the  sample 
populations  above.  The  output  demonstrated  that  the  means 
of  the  residuals  in  each  cell  were  zero,  and  although  the 
distributions  were  not  normal  they  were  not  radical 
departures  from  normality. 

The  independence  of  the  error  terms  must  be  established 
by  reviewing  the  properties  of  the  data.  The  selection  of 
shipments  in  any  one  group  was  completely  independent  of 
every  other  group  since  each  shipment  is  unique  in  regards 
to  requesting  hospital,  materiel  and  date.  Nor  could  a 
selection  of  a  shipment  affect  the  selection  of  samples  in 
another  group.  As  a  result  both  the  samples  and  errors  are 
independent  by  definition  (Reynolds,  1993). 

Treatment  Levels  of  Interest.  Assumption  three 


requires  that  the  model  contain  all  treatment  levels  of 
interest.  The  treatment  levels  in  the  experiment  are  less- 
than-truckload  and  dedicated  truck.  Other  methods  of 


shipment  are  not  commonly  used  for  routine  shipments  and  are 
therefore  net  of  interest  to  this  study. 

Randomness .  Since  this  is  an  observational  study, 
assumption  four  could  not  be  met  completely,  but  this  is 
addressed  in  the  design  of  the  experiment  and  in  the  data 
collection.  The  samples  were  not  randomly  selected,  but  do 
consist  of  the  total  population  of  usable  records  for  each 
hospital  and  window. 

In  this  experiment,  the  treatments  were  not  randomly 
assigned  to  the  sample  populations.  The  purpose  for  the 
random  assignment  requirement  is  to  "distribute  the 
idiosyncratic  characteristics  of  subjects  over  treatment 
levels  so  that  they  will  not  selectively  bias  the  outcome  of 
the  experiment"  (Kirk,  1982:76).  This  is  partially 
addressed  in  the  nature  of  the  blocked  design  by  testing 
hospitals  in  matched  pairs  thereby  decreasing  variance 
within  groups. 

Homogeneity  of  variance.  The  last  assumption 
requires  that  the  variances  of  the  error  terms  in  each  cell 
are  equal.  The  Bartlett  test  was  used  to  test  for  equality 
of  variance.  A  complete  listing  of  the  Bartlett  test 
results  is  at  Appendix  E. 

The  Ho  that  the  variances  are  egual  was  examined  at  a 
95%  confidence  level  with  23  degrees  of  freedom  for  each  of 
the  three  dependent  variables.  The  Chi  Square  test 
statistic  for  this  test  was  35.17.  Since  the  test  statistic 
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for  the  equality  of  the  variance  was  greatly  exceeded  in 
all  three  cases ,  the  Ho  was  rejected  and  the  variances  were 
considered  to  be  statistically  different.  The  results  of 
the  test  for  each  sample  population  are  at  Table  8. 

Research  has  demonstrated  that  for  samples  of  unequal  sizes, 
moderate  differences  in  homogeneity  of  variance  can  have  a 
marked  effect  on  test  significance-  Therefore,  further 
treatment  of  the  data  was  required  (Kirk,  1982:77). 


Table  8.  Bartlett  Test  Results 


If-'- 

Variable 

■KSSSSH 

Test 

Statistic 

Result 

Total 

Processing 

8.14  -  84.39 

1606 

■EH 

Depot 

Processing 

3.13  -  45.01 

2863 

Reject 

Ho 

Materiel 

In-Transit 

4.17  -  26.09 

1166 

Reject 

Ho 

Method  of  Improving  Model.  To  overcome  the  problems 
with  failing  to  meet  the  assumption  that  the  variances  of 
the  error  effects  were  equal,  a  weighted  ANOVA  was 
performed.  In  this  procedure  the  terms  in  the  sums  of 
squares  are  weighted  by  the  inverse  of  the  variance  of  that 
cell  according  to  the  number  of  observations  in  that  cell 
(Hoaglin  and  others  1991:285).  In  effect,  this  places  more 
weight  on  those  observations  that  have  a  smaller  variance 
than  those  with  a  larger  variance.  The  best  linear  unbiased 


estiaator  (BLUE)  is  obtained  when  the  weights  are  inversely 
proportional  to  the  cell  variances  (SAS/STAT,  1990:927). 

To  insure  that  the  weighting  procedure  corrected  the 
problea  with  heteroscadacisity ,  weighted  and  unweighted 
ANOVA's  were  performed  on  all  three  data  sets  and  the 
results  compared .  The  critical  portions  of  the  output  are 
listed  in  Tables  9  to  lO. 


Coaparison  of  %ieighted  and  unweighted  Al^OVA's 


Table  9.  Total  Processing  Time  ANOVAs 


test 

Total  So 
of  Squares 

Model  da 
of  Squares 

Error  da 
of  dpares 

Meaa  Square 
Error 

S‘ 

P  Mufi 

Omqfited 

um 

471,610 

113,876 

357,733 

27.714 

.?4i4e3 

178.65 

Heigtited  j 

17,073 

4,165 

li,908 

1.0000 

.243954 

'81.13 

Table  10.  Depot  Processing  Time 


Test 

Total  Sub 
of  Squares 

Model  da 
of  Squares 

Error  da 
of  Squares 

Heao  Square 
Error 

Bi 

?  Value 

OaKiq^ted 

AiOVA 

159,770 

29,750 

n 

98.20 

iei^ited 

JUK77A 

15,390 

2,483 

B 

B 

99.29 

56 


Table  11.  Materiel  In-Transit  ANOVAs 


fest 

Model  Sm 
of  Squares 

Error  Sm 
of  Squares 

Neaa  Square 
Error 

F  Value 

Omfeigtited 

hSSik 

197,689 

56,708 

140,891 

10.922 

.28685 

225.75 

mil 

19,522 

6,624 

12,908 

.99998 

.33914 

_ _ 

288.01 

An  examination  of  the  tables  shows  that  the  F  value  and 
the  for  total  and  depot  processing  times  increase 
slightly  while  the  values  for  materiel  i.i-transit  times 
increase  significantly.  These  increases  reflect  a  greater 
portion  of  the  variance  as  being  taken  up  by  the  weighted 
model  as  compared  to  the  unweighted.  In  addition,  there  are 
large  reductions  in  the  sum  of  squares  and  the  Mean  Square 
Lrror  drops  to  1,  indicating  that  the  weighting  has  resolved 
the  problem  of  unequal  cell  variances. 

Full  Model  Weighted  ANOVA.  A  full  weighted  ANOVA  was 
run  for  the  each  of  the  dependent  variables.  The  F  scores 
from  the  ANOVAs  indicated  that  all  interactive  terms  used  in 
the  models  were  significant.  The  three-way  interactions  cf 
the  blocking  variables  with  both  of  the  independent 
variables  confounds  the  ability  to  test  for  main  effects 
across  the  hospital  pairs  and  necessitates  the  study  of 
simple  main  effects  by  conducting  pairwise  comparisons. 

T^' sting  of  individual  hospital  pairs.  To  eliminate  the 
confounding  effects  of  the  block  treatment  interactions 
found  above,  weighted  ANOVA's  were  perforjied  on  each 
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hospital  pair  using  the  alternate  nodel  in  order  to  judge 
sinple  main  effects.  The  pairwise  comparisons  however,  are 
taken  from  the  unweighted  ANOVAs  on  the  same  model.  This  is 
done  because  the  "GLM  procedure  in  SAS  uses  the  weighted 
means  is  if  they  were  unweighted  means  when  performing 
multiple  comparison  tests.  The  statistical  interpretation 
of  such  tests  is  not  well  understood."  (SAS/SDAT:  913).  Use 
of  the  unweighted  ANOVA  to  perform  pairwise  comparisons  does 
not  affect  the  significance  of  the  test. 

Pairwise  comparisons  were  then  done  for  all  possible 
sets  of  pairs  using  the  Tukey  procedure  for  joint 
estimation.  Tukey 's  was  chosen  because  of  its  conservative 
results  and  robustness  with  regards  to  unbalanced  cell 
sizes.  The  results  of  the  Tukey  test,  using  the  unweighted 
means,  were  more  conservative  further  increasing  the 
validity  of  the  results.  All  tests  were  performed  at  a  95% 
confidence  level. 


Analysis  for  Research  Questions 

After  analyzing  the  data  to  test  the  assumptions  of  the 
design  it  was  necessary  to  perform  further  analysis  to 
determine  the  answers  to  the  research  questions.  Each 
question  and  the  analysis  used  to  answer  it  is  discussed  in 
detail  in  the  fol] owing  sections. 
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Tests  for  Research  Question  Four.  To  determine  if 


lead-time  decreased  for  hospitals  converting  to  the 
dedicated  truck  program  the  Tukey's  test  was  used.  Due  to 
the  three-way  interaction,  the  ANOVA  test  for  main  effects 
could  not  be  used  as  a  reliable  measure.  Therefore  simple 
main  effects  were  measured  even  though  they  are  specific  to 
the  pair  tested  and  cannot  be  generalized  to  other  pairs. 

The  hypothesis  being  tested  was:  Ho  Mi  =  =  M3  =  M,- 

Tests  for  Research  Question  Five.  One  of  the 
objectives  of  the  research  is  determine  if  the  variances  of 
the  processing  times  were  affected  by  the  dedicated  truck 
program.  Research  to  find  a  reliable  test  for  quantifying 
differences  in  variances  within  a  given  confidence  level  was 
unsuccessful.  Therefore  another  approach  was  developed. 

The  variances  of  the  post-conversion  test  cells  were 
subtracted  from  the  pre -conversion  cells  for  the  same 
hospital .  This  gave  a  simple  estimate  of  the  change  in 
variance . 

Tests  for  Research  Question  Six.  In  order  to  isolate 
the  effects  of  the  dedicated  truck  program  on  the  dependent 
variables,  additional  analysis  was  necessary.  The  results 
of  the  analysis  of  the  control  hospitals  were  used  to 
eliminate  the  effects  of  universal  changes  on  the  test 
hospitals. 

Determining  the  Effect  on  Lead-Time.  In  an 
analysis  by  hospital  pair  using  the  Tukey  procedure,  the 
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mean  of  each  group  is  the  result  of  a  simple  main  effect, 
i.e.  a  single  treatment  level  with  a  single  window  (time) 
level.  In  order  to  obtain  estimates  of  the  effects  of  the 
program  alone,  it  was  necessary  to  subtract  out  the  effect 
of  the  window  factor.  Three  separate  estimates  were  done  on 
the  data  from  each  pairwise  comparison.  These  are  the  most 
conservative  estimate,  simple  difference  of  the  means  and 
least  conservative  estimate. 

1.  Most  conservative  estimate.  This  is  the 
smallest  estimate  of  the  true  difference  in  means  that  could 
be  a  result  of  the  Dedicated  truck  program  as  it  impacts  on 
the  processing  time  for  each  hospital  pair.  It  is 
calculated  by  taking  the  Simultaneous  Lower  Confidence  Limit 
(SLCL)  of  the  difference  in  processing  times  of  the 
Dedicated  truck  pre-conversion  and  post-conversion  cells 
minus  the  Simultaneous  Upper  Confidence  Limit  (SUCL)  of  the 
difference  in  processing  times  of  the  Less  than  load  pre- 
and  post-conversion  cells. 

(DBSLCL  -  DA  SLCL)  -  (LB  SUCL  -  LA  SUCL) 

2.  Simple  difference  of  means.  This  is  a  less 
conservative  estimate,  calculated  by  simple  subtraction  of 
the  differences  of  the  means. 

(DB  -  DA  M)  ~  (LB  -  LA  M) 
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3.  Least  conservative  estimate.  This  is  the 
estimate  of  the  largest  true  difference  in  means  that  could 
be  a  result  of  the  Dedicated  truck  program  as  it  impacts  on 
the  processing  time  for  each  hospital  pair.  It  is 
calculated  by  taking  the  Simultaneous  Upper  Confidence  Limit 
of  the  difference  in  processing  times  of  the  dedicated  truck 
pre-  and  post-conversion  cells  minus  the  Simultaneous  Lower 
Confidence  Limit  of  the  difference  in  processing  times  of 
the  less-than-truckload  pre-  and  post-conversion  cells - 

(DB  SUCL  -  DA  SUCL)  -  (LB  SLCL  -  LA  SLCL)' 

Testing  for  simple  main  effects  allows  for  a  simple 
comparison  of  results.  This  comparison  allows  us  to 
eliminate  the  effects  of  some  of  the  confounding  variables 
from  our  estimates  of  the  effect  of  lead-time. 

Determining  the  Effect  on  Lead-Time  variance. 

In  order  to  estimate  differences  in  variance  caused  by 
the  dedicated  truck  program  the  variances  were  subjected  to 
a  Bartlett  test.  This  established  the  homogeneity  or  lack 
thereof  for  both  the  test  and  control  hospitals,  pre-  and 
post-conversion.  To  eliminate  the  effect  of  universal 
changes  in  variance  additional  steps  were  taken. 

The  variances  of  the  control  hospitals  were  treated  in 
the  same  manner  as  the  test  hospitals ,  subtracting  post¬ 
conversion  variances  from  pre-conversion  variances.  These 
results  were  then  subtracted  from  the  simple  estimate  of 
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change  in  the  matching  test  hospital-  The  remaining 
variance  may  be  attributed  to  the  effect  of  the  dedicated 
truck  program. 


Summary 

This  chapter  discussed  the  research  questions  and 
objectives,  model,  experimental  design,  and  statistical 
methods  that  were  used  to  study  the  data.  In  the  Chapter 
Four,  Analysis  and  Findings,  the  results  of  the  statistical 
analysis  are  discussed.  The  three  dependent  variables  are 
discussed  individually. 

In  Chapter  Five  the  conclusions  and  recommendations 
resulting  from  the  research  are  explored. 
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Xy.T..  AnalY.^.iS 


Introduction 

This  chapter  discusses  the  analysis  of  the  data 
collected  for  this  study.  The  chapter  is  divided  into  three 
basic  sections.  The  data  is  analyzed  in  accordance  with  the 
plan  discussed  in  Chapter  III.  The  first  section  gives  the 
results  of  the  analysis  for  the  dependent  variable  total 
processing  time.  Sections  two  and  three,  in  turn,  will  then 
give  the  results  of  the  analysis  for  the  two  components  of 
total  processing  time:  depot  processing  and  materiel  in¬ 
transit  times. 


Analysis  Of  Total  Processing  Time 

Significance  of  Full  Model.  The  results  of  the  full 
model  weighted  ANOVA  for  total  processing  time  are  at  Table 
12.  These  results  clearly  demonstrate  that  the  model  was 
significant  with  an  observed  significance  level  of  Pr  >  F  is 
.0001.  The  coefficient  of  determination  for  the  ANOVA  (R^) 
shows  that  almost  25%  of  the  variance  in  the  data  was 
explained  by  rhe  model.  Although  this  is  clearly  a 
significant  portion  of  the  total  variance  it  also  indicates 
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that  75%  of  the  variance  in  the  data  was  due  to  factors 
other  than  those  included  in  the  model .  Some  of  the 
potential  sources  of  variance  that  could  not  be  controlled 
for  were  discussed  in  Chapter  III.  A  copy  of  the  full  SAS 
output  for  this  and  all  subsequent  AUOVA's  may  be  found  at 
Appendix  D. 


Table  12.  Full  Model  ANOVA  for  Total  Processing  Time 


1  Total  Sia 

1  of  squares 

Hodei  Sm 
of  Squares 

Error  Su 
of  Squares 

MeaD  Square 
Error 

F  Value 

Pr  >  F 

17,073 

4,165 

12,908 

1.0000 

.243994 

1S1.13 

0.0(X)1 

Significant  Factors  of  the  Model.  Table  13  lists  the 
type  III  sums  of  squares  for  all  factors  and  interaction 
terms  in  the  model.  Type  III  sums  of  squares,  also  known  as 
partial  sums  of  squares ,  were  used  because  they  show  each 
effect  indep>endent  of  other  effects  and  are  unrelated  to 
call  frequencies  (Freund  and  Littell,  1985:104).  An 
examination  of  Table  13  shows  that  all  factors  except  window 
were  significant.  More  importantly,  the  table  also  shows 
that  there  is  a  significant  (Pr  >  F  =  .0001)  three-way 
interaction  between  the  two  independent  variables  (method, 
window)  and  the  blocking  variable  (hospital  pair).  This 
three  way  interaction  confounded  the  abilicy  to  test  for 
main  effects  across  the  hospital  pairs.  As  a  result  the 
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study  of  simple  main  effects  was  conducted.  This  was 
accomplished  by  using  the  alternate  model  in  performing  one¬ 
way  ANOVA's  on  each  hospital  pair  and  conducting  pairwise 
comparisons  using  the  Tukey  test- 


Table  13.  Significant  Factors  in  Model 


Stwree 

W 

Type  in  SS 

14^  S(piaxe 

1  F  Value 

Pr  >  F 

wniDou 

1 

3.31399 

3.31399 

3.31 

0.0687 

1 

48.73247 

48.73247 

48.73 

0.0001 

WIMXW*HEm> 

1 

30.24129 

30.24129 

30.24 

0.0001 

ffiSPITAL  PUR 

5 

1903.40530 

380.68100 

0.0001 

HDIDOW* 
BQSPim  PUR 

5 

555.56152 

m.U230 

lll.U 

0.0001 

ffiTBC®* 
BOSPITAL  PUR 

5 

459.69756 

91.93951 

91.94 

0.0001 

9I1D0H* 
METSM)* 
HOSPim  PUR 

5 

58.29176 

11.65835 

11.66 

0.0001 

Test  for  Simple  Main  Effects.  The  alternate  model  used 
in  testing  simple  main  effects  uses  a  single  factor  labeled 
group  which  has  four  levels.  Table  14  lists  the  key  used  to 
code  each  group  into  the  SAS  system.  These  conventions  are 
used  throughout  the  remainder  of  this  study. 


Table  14.  Abbreviations  Used  in  Tables  and  Charts 


Treatment 

Window 

Group 

LTL 

Before 

LB 

LTL 

After 

LA 

DT 

Before 

fm:? 

L/i^ 

DT 

After 

DA 
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Table  15  contains  the  results 


of  the  ANOVA's  done  for  each  hospital  pair.  An  examination 
of  the  table  will  reveal  that  the  models  were  significant  at 
Pr  >  F  =  ,0001  for  all  hospital  pairs  except  pair  5.  A  re¬ 
examination  of  the  data  and  of  the  factors  used  in  matching 
the  pairs  gave  no  insight  as  to  why  the  model  was  not 
significant  for  this  pair. 

The  range  of  values  for  the  coefficient  of 
determination  (R^)  from  the  preceding  ANOVA^s  mirrored  the 
results  of  the  signif ice.nce  tests  with  values  ranging  from 
less  than  1%  to  almost  20%.  Variance  taken  up  by  the  model 
for  hospital  pairs  1 ,  2 ,  and  6  was  substantial  and  ranged 
from  13.5%  to  19-2%.  Variance  accounted  for  by  the  model 
for  hospital  pairs  3,  4,  and  5  was  considerably  less  ranging 
from  .8%  for  pair  5  to  3.1%  for  pair  3.  The  low  ranges  of 
variance  substantiates  that  some  significant  sources  of 
variance  were  not  accounted  for  ir  the  model. 


Table  15.  Individual  Weighted  ANOVAs 


pair 

r  . . . 

s 

Model  sa  of 
Squares 

Error  sia  of 
Squares 

total  Sub  of 
Squares 

F  Value 

Pr  >  F 

1 

1 

3553 

842.00 

3554 

I 

4396.00 

0.1915 

280.75 

0.0001 

2 

2410 

186.63 

2406 

1 

2%5.89 

0.1887 

186.63 

C.OOOl 

3 

1774 

57.36 

770 

1827.35 

0.0514 

1 

19.12  : 

0.0001 

4 

3085  ! 

64.32  ' 

3081 

3145.32 

0.0205 

21.44 

0.0001 

Zi 

1 

57^ 

C  J  lO 

!  ... 

570 

1 

0.2153 

1 

(> 

1531 

|[||||||||Q99 

1527 

765.96 

0.1353 

79.65 

0.0001 

Pairwise  comparisons  were  done  for  all  possible  sets  of 
pairs  using  the  Tukey  procedure  for  joint  estimation.  Of 
the  six  possible  contrasts,  only  three  are  of  interest  in 
this  study.  These  contrasts  are:  the  change  between  the 
dedicated  truck  before  and  after  cells,  DB  -  DA;  the  change 
between  the  less  than  truck  load  before  and  after  cells, 

LB  -  LA;  and  a  contrast  measuring  the  equivalency  of  the 
paired  hospitals  before  the  conversion,  DB  -  LB.  Using 
these  equations,  decreases  in  processing  times  are  positive 
values,  while  increases  are  indicated  by  negative  values. 

For  reference  the  full  set  of  comparisons  may  be  found  with 
the  accompanying  ANOVA  output  in  Appendix  D. 

Pairwise  Comparisons.  Table  16  lists  the  results  of 
each  pairwise  comparison.  Examination  of  the  table  reveals 
a  significant  decrease  in  total  processing  tiroes  between  DT 
before  and  after  in  hospital  pairs  l  (5.99  days)  and  6  (2.63 
days).  Hospital  pairs  2  and  4  however,  showed  significant 
increases  ranging  from  l.l  days  to  4.3  days  while  hospital 
pairs  5  and  3  showed  no  significant  change.  The  differences 
in  mean  processing  times  noted  do  not  however,  give  a 
complete  and  accurate  indication  of  the  effect  of  the 
dedicated  truck  program  on  total  processing  times. 
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Table  16.  TuXey's  student! zed  Range  (HSD)  Test 


P2ir 

Gro<9 

Co^Kirisos 

Sinlti&eoQS 

Lover 

Omfidence 

Liiit 

Differew* 
Betsey  Means 

Sliultaneous 

Dpper 

Likit 

1 

-  IB 

0.1000 

0.9540 

1.8081  *** 

-  Di 

5.a08 

5.9942 

6.7775  *« 

M 

1.5877 

2.2157 

2.S437  *** 

2 

-  LB 

-5.2399 

-4.2052 

-3.1705  *** 

ii 

-  D& 

-5.1850 

- 

-4.3040 

-3.4229  *** 

-  Li 

-5.4123 

-4.4877 

-3.5632  *** 

3 

DB 

-  LB 

1.0085 

1.8700 

2:7316  *** 

ii 

-  DA 

-0.3100 

0.7364 

1.7829 

I 

— 

LB 

L_ 

-  Li 

-0.3649 

0.5899 

1.5448 

4 

B 

-  LB 

0.4267 

1.1715 

1.9162  *** 

m 

-  Di 

-1.8183 

-1.0726 

-0.3269  *« 

I£ 

-  Li 

-1.2531 

-0.5996 

0.0540 

5 

m 

-  LB 

-1.0685 

0.0986 

2.4657 

DB 

-  DA 

-0.6251 

0.9227 

2.4705 

LB 

“  Li 

-0.7179 

0.4638 

6 

B 

-  LB 

-1.9874 

-0.8823 

1 

0.2228 

wmm 

m 

-  DA 

imiQi 

2.6304 

3.7437 

LB 

-  LA 

-1.5710 

-0.6484 

0.2742 

Key:  ***  indicates  a  significant  difference. 


Effects  of  Dedicated  Truck  Proaraiti  on  Lead-Time.  In 
order  to  obtain  estimates  of  tbe  effect  of  the  dedicated 
truck  program  alone,  it  was  necessary  to  subtract  out  the 
effect  of  the  window  factor.  As  stated  in  the  iuethcdclcgy 
three  separate  estimates  were  used.  These  are  the  most 
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conservative,  simple  difference  of  the  means  and  least 
conservative.  Table  17  contains  these  estimates  as  well  as 
the  estimated  difference  between  the  means  of  the  dedicated 
trucK  and  the  LTL  pre-conversion  cells,  essentially  the 
difference  in  processing  times  between  the  test  hospital  and 
its  paired  control. 

An  examination  of  the  table  reveals  that  for  hospital 
pair  1  the  estimated  effects  of  the  dedicated  truck  program 
ramge  from  a  conservative  estimate  of  decrease  of  2.36  days 
to  a  maximum  estimate  of  5.31  days.  Hospital  pair  6  also 
experienced  a  decrease  ranging  from  1.24  days  to  5.31  days. 
The  test  results  for  all  remaining  hospital  pairs  pass 
through  zero  and  are  therefore  not  statistically 
significant. 


Table  17.  Estimates  of  Differences  in  Means 


Bospital 

Pair 

Conservative 

Bstiiate 

Subtle  Difference 

Least 

Conservative 

Estimate 

Difference 
Betvees  Test  ( 
Control 

1 

2.3671 

3.7785 

5.1898 

0.9540 

2 

-1.6218 

0.1837 

1.9894 

-4.2052 

3 

-1.8548 

0.1465 

2.1478 

1.8700 

4 

-1.8723 

-0.4730 

0.9262 

1.1715 

5 

-2.0706 

0.4589 

2.9884 

H/S 

6 

1.2428 

1.982 

5.3147 

ll/s 

Key:  N/S  -  not  significant 


Differences  in  Variance.  To  answer  research  question 
five  concerning  potential  effects  of  the  dedicated  truck 
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program  on  proces.sing  time  variance,  it  was  necessary  to 
accomplish  two  tasks.  The  first  was  to  determine  if  the 
variances  of  the  DT  before  and  after  cells  were  equal,  and 
to  estimate  the  true  difference  in  the  cell  variances, 
Ecaiality  of  Cell  Variances.  To  determine 
if  the  cell  variances  for  the  DT  before  and  after  cells  are 
different,  an  F  test  based  on  the  ratio  of  the  sample 
variances  was  conducted.  Since  all  cells  except  those 
representing  hospital  pair  5  contained  over  120  observations 
an  y  statistic  using  120  degrees  of  freedom  in  "both  the 
numerator  and  denominator  (1.35)  was  used  for  the  test.  For 
hospital  pair  5  an  F  statistic  using  110  degrees  of  freedom 
in  the  numerator  and  60  in  the  denominator  (1.47)  was  used. 
Table  18  shows  that  the  variances  of  the  cells  representing 
the  DT  before  and  after  conditions  for  hospital  pairs  1,3,5, 
and  6  were  sufficiently  different  to  reject  the  null 
hypothesis  at  a  =  .05,  The  variances  of  cells  representing 
the  DT  before  and  after  conditions  for  hospital  pairs  2  and 
4  were  not  significantly  different. 
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Table  18.  F  Test  for  Equality  of  Variance 


Cell 

Betore 

After 

- 

VariaBce  1 
Variance  2 

Test  results 

1  DT 

84.38538 

10.86390 

7.767549 

Reject 

2  DT 

23.73061 

1.028073 

lIllllllllllllQ^gJ 

3  DT 

49.74583 

22.25703 

2.235061 

4  DT 

34.81477 

35.42451 

1.017514 

Accept 

5  DT 

22.62164 

8.14657 

2.776828 

■Hni 

6  DT 

34.20484 

11.50566 

2.972871 

Key:  1  uT,  etc,  refers  to  the  converted  hospital  in  pair  1. 


Effects  of  the  Dedicated  Truck  Program  on  Lead-Time 
Variance .  A  technique,  similar  to  that  used  for  differences 
in  mean  processing  tines  was  used  to  estixiiate  the  magnitude 
of  changes  in  the  variances  that  could  be  attributable  to 
the  effect  of  the  dedicated  truck  program.  Any  changes  in 
cell  variance  found  between  FT  before  and  after  (DB  -  DA) 
were  adjusted  by  any  changes  that  occurred  in  the  control 
over  time  (LB  -  LA). 

Table  19  displays  the  results  of  the  estimated  changes 
in  variance.  The  most  dramatic  change  occurred  in  hospital 
pair  1  which  experienced  a  net  difference  in  variance  of  78 
days.  Hospital  pairs  2,  3,  5,  and  6  also  experienced 
decreases  in  variance  although  not  to  the  extent  of  pair  1. 
Hospital  pair  4  showed  an  increase  in  variance  of  0,61  days 
for  the  DT  cells  while  the  control  showed  a  decrease  of  6.6 
days  resulting  in  a  net  after  conversion  increase  of  7.23 
days . 
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Table  19.  Differences  in  Variance 


Hospital 

Pair 

DB  ♦  EA 

LB  -  Li 

Difference 

1 

73.52198 

-4.49138 

78.01336 

2 

0.64799 

-16.33570 

17.48364 

3 

27.48880 

18.58280 

8.90595 

4 

-0.60974 

6.56661 

-7.17635 

5 

14.47506 

6.63335 

7.84171 

6 

22.69918 

li. 41123 

11.28795 

Suiomary .  The  preceding  analysis  of  total  processing 
time  indicates  that  there  are  significant  differences  in  the 
means  and  variances  of  some  of  the  test  pairs.  The 
significance  of  these  differences  and  any  inferences 
concerning  the  dedicated  truck  program  will  be  discussed  in 
the  next  chapter.  This  concludes  the  analysis  of  the  total 
processing  time.  In  the  next  section  results  of  the 
analysis  of  depot  processing  times  are  examined  using  the 
same  procedure. 


Analysis  Of  Depot  Processing  Time 

Significance  of  Full  Model.  The  results  of  the  full 
model  weighted  ANOVA  for  depot  processing  tine  are  at  table 
20.  This  model  was  significant  with  an  F  value  of  98.2 


with  a  Pr  >  F  =  .0001. 


The  coefficient  of  determination 


for  the  ANOVA  (R^)  shows  that  16%  of  the  variance  in  the 
data  was  taken  up  by  the  model.  This  is  less  than  the  value 
observed  for  total  processing  time  and  indicates  that  84%  of 
the  variance  in  the  data  was  due  to  factors  other  than  those 
included  in  the  model. 


Table  20.  Full  Model  ANOVA  for  Depot  Processing  Time 


Total  Sui 
of  Squares 

Model  Sui 
of  Squares 

Error  Sia 
of  Squares 

Mean  Square 
Error 

r"  — . 

P  Value 

Pr  >  F 

15,390 

\483 

12,907 

.99991 

.16131 

99.29 

O.CXXll 

Significant  Factors  of  the  Model.  The  type  III  sums  of 
squares  for  all  factors  and  interaction  terms  in  the  model 
are  listed  in  Table  21.  An  examination  of  the  table  shows 
that  all  factors  except  method  and  the  interaction  term  of 
window  and  method  were  significant  with  a  Pr  >  F  of  .0001. 

As  was  the  case  with  the  previous  analysis  of  total 
processing  time,  the  table  also  reveals  that  there  is  a 
significant  (Pr  >  F  =  .0001)  three-way  interaction.  Due  to 
the  confounding  three-way  interaction  the  analysis  preceded 
with  the  study  of  simple  main  effects  by  conducting  one-way 
ANOVA ■'s  for  each  hospital  pair  and  performing  pairwise 
comparisons  using  the  Tukey  test. 
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Table  21.  Significant  Factors 


Stmrce 

Iff 

Type  lU  ss 

HeaB  Square 

F  Value 

Pr  >  P 

KIHDOW 

1 

104.401033 

104.401033 

104.41 

0.0001 

HEmS) 

1 

3.879586 

3.879586 

3,88 

0.0489 

tfIKDOiil*H£THC)D 

1 

2.649627 

2.649627 

2.65 

0.1036 

a(KPim  PAIR 

5 

997.495114 

199.499023 

199.52 

0.0001 

WDtDOU* 
KSPITAL  PAIR 

5 

385.568349 

77.113670 

7M2 

0.0001 

HETSOD* 
HOSPITAL  PAIR 

5 

315.248684 

63.049737 

63,06 

0.0001 

UIHDOU* 
HOT®* 
HOSPITAL  PAIR 

5 

46.320035 

9.264007 

- 

9.26 

O.Wl 

Test  for  Simple  Main  Effects.  Table  22  contains  the 
results  of  the  ANOVA's  done  for  each  hospital  pair.  An 
examination  of  the  table  will  reveal  that  the  models  were 
significant  at  Pr  >  F  =  .0001  for  all  hospital  pairs  except 
pair  6.  A  re-examination  of  the  data  and  of  the  factors 
used  in  matching  the  pairs  gave  no  insight  as  to  why  the 
model  was  not  significant  for  this  pair. 

The  range  of  values  for  the  coefficient  of 
determination  (R"^)  revealed  a  dramatic  decrease  in  the 
amount  of  variance  taken  up  by  the  model  as  compared  to  the 
analysis  of  total  processing  time.  The  values  for 
hospital  pairs  4  and  6  were  less  than  1%  while  the  values 
tor  pairs  1,3,  and  5  were  less  than  7%.  Only  in  pair  2  was 
more  than  10%  of  the  variance  in  the  data  accounted  for  by 
the  model. 
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Table  22.  Individual  Weighted  ANOVAs 


Bospital 

pair 

& 

Model  Sm  of 
Squares 

Error  Stm  of 
Squares 

Total  Sua  of 
Squares 

P  Value 

Pr  >  P 

1 

3558 

229 

3553 

3783 

.061 

76.52 

C.OOOl 

2 

2410 

494 

2406 

2900 

.170 

164.66 

0.0001 

3 

1774 

112 

1770 

mam 

.059 

i7.2e 

0.0001 

4 

3085 

19 

3081 

3100 

.006 

6.47 

0.0002 

5 

574 

37 

570 

607 

.051 

12.42 

0.0001 

6 

1531 

5 

1526 

1531 

.004 

1.81 

0.1430 

Results  of  Pairwise  Comparisons.  Pairwise  comparisons 
were  done  for  all  possible  sets  of  pairs  using  the  Tukey 
procedure  for  joint  estimation.  While  Table  23  lists  the 
results  of  the  comparisons  of  interest,  the  full  set  of 
comparisons  may  be  found  with  the  accompanying  ANOVA  output 
in  Appendix  D.  Examination  of  the  table  reveals  a 
significant  decrease  in  depot  processing  times  between  DT 
before  and  after  of  1.5  days  for  hospital  pair  l.  Hospital 
pairs  2,3,  and  4  however,  showed  significant  increases 
ranging  from  0.51  days  to  2.8  days.  The  test  results  for 
hospital  pairs  5  and  6  passed  through  zero  and  were  not 
significant.  These  differences  however,  do  not  give  a 
complete  and  accurate  indication  of  the  effect  of  rhe 
dedicated  truck  program  on  depot  processing  times . 

Effects  on  Depot  Processing  Time.  In  order  to  estimate 
the  effect  of  the  dedicated  truck  program  on  depot 
processing  time  the  results  of  the  pairwise  comparisons 


found  in  Table  23  were  subjected  to  the  same  procedure  as 
were  the  comparisons  of  total  processing  time.  Table  24 
contains  the  same  three  separate  estimates  of  true 
difference  in  times:  most  conservative,  simple  difference  of 
the  means  and  least  conservative. 


Table  23.  Tukey's  Student! zed  Range  (HSD)  Test 


Hospital 

Group 

Siwltaoeous 

Difference 

Siniltaneous 

Pair 

Collar  Ison 

Lower 

Between  Means 

Coolidaace 

Confidence 

Liiit 

Liiit 

-  LB 


DB  -  M 


LB  -  U 


-  IB 


DB  •  U 


LB  -  Li 


-  LB 


-  DA 


LB  -  Li 


DB  -  LB 


-  Di 


IB  -  U 


-  LB 


Db  -  ui 


LB  -  LA 


2.1412 

2.6609 

3.1806  *** 

1.0269 

1.5036 

1.9802  *** 

-0.2446 

0.1376 

0.5197 

2 

m 

-  LB 

-2.0411 

-1.3452 

-0.6493  *** 

m 

-  DA 

-3.4782 

-2.8857 

-2.2931  *** 

LB 

-  U 

-4.1764 

-3.5546 

-2.9328  *** 

-0.3231 


-1.7910 

-1.1371 

-0.4832  *** 

-3.0035 

-2.2091 

-1.4148  *** 

-1.8544 

-1.1296 

-0.4048  *** 

-0.1746 

a.llTi 

0.8289 

-1.0178 

-0.5154 

-0.0130  *** 

-0.8744 

-0.4341 

0.0063 

-0.3714 

0.4101 

1.1916 

-1.8056 

-0.7692 

0.2672 

-0.0877 

0.5697 

1.2271 

•C.7571  0.1337 


-C.& 


0.4206  1.1643 


Key:  ***  indicates  a  significant  difference 
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An  examination  of  Table  24  reveals  that  only  hospital 
pair  1  experienced  any  real  decrease  in  processing  times. 
The  test  results  for  hospital  pairs  2,  3,  4,  5,  and  6  all 
pass  through  zero  indicating  that  there  was  no  significant 
difference  in  depot  processing  times  associated  with  the 
dedicated  truck  program. 


Table  24-  Estimates  of  Differences  in  Means 


^spital 

Pair 

C«Qservati?e 

Estiaate 

Siiple  Differejice 

Least 

CoBservative 

Estiiate 

Sifferejce 
Between  Test  9 
Control 

1 

0.5072 

1.366 

2.2248 

2.6609 

2 

-0.5454 

0.6689 

1.8833 

-1.3452 

3 

-2.5987 

-1.0795 

0.4396 

-1.1371 

_  1 

-1.0241 

-0.0813 

0.8614 

N/S 

6 

-3.0327 

-1.3389 

0.3549 

H/S 

6 

-2.6886 

-1.0475 

0.5936 

N/S 

Key:  N/S  -  not  significant 


Differences  in  Variance.  To  determine  if  the  cell 
variances  for  the  DT  before  and  after  cells  are  different; 
an  F  test  based  on  the  ratio  of  the  sample  variances  was 
conducted.  Table  25  shows  that  the  variances  of  the  cells 
representing  DT  before  and  after  for  hospital  pairs  1,  3,  5 
and  6  were  sufficiently  different  to  reject  the  null 
hypothesis  that  the  variances  are  equal  at  a  =  0.05.  The 
variances  of  cells  representing  DT  t>efore  and  after  for 
hospital  pairs  2  and  4  were  not  significantly  different. 


77 


As  used  for  total  processing  time,  the  test  statistic  for 
all  hospital  pairs  except  pair  5  was  1.35.  For  pair  5  a 
test  statistic  of  1.47  was  used. 


Table  25.  F  Test  for  Equality  of  Variance 


mm 

Cell 

Beiore 

After 

Variance  2 

Test  results 

1  DT 

19.845 

9.12b 

.7.160588 

Reject 

2  DT 

12.22 

15.458 

1.264975 

Accept  E„ 

3  DT 

10.601 

16.222 

1.530233 

■1^ 

4  DT 

15.267 

1.159049 

5  DT 

12.305 

4.174 

2.948011 

Reject 

6  DT 

21.192 

5.75 

3.685565 

■BSl! 

Key:  1  DT,  etc.  refers  to  the  converted  hospital  in  pair  l 


Effects  or  Depot  Process.ing  Time  Variance.  The  effects 
of  the  dedicated  truck  program  were  estimated  by  adjusting 
any  changes  in  cell  variance  found  between  the  cells 
representing  the  dedicated  truck  program  by  any  changes 
that  occurred  in  the  control  over  time.  Table  26  displays 
the  results  of  these  adjustments. 

Hospital  pairs  1,  5,  and  6  show  the  largest 
improvements  although  the  improvement  for  pair  6  is  somewhat 
offset  by  a  corresponding  improvement  in  the  control.  Pairs 
2  and  3  have  significant  increases  with  pair  3  LTL  variance 
improving  by  11.9  days.  Hospital  pair  4's  variance 
decreased  for  both  DT  and  LTL  cells  with  the  larger  decrease 


in  the  control . 


Table  26.  Differences  in  Variance 


EospiUl 

Pair 

■Bi 

LB  -  U 

Differeox 

1 

10.66 

0.376 

10.284 

2 

-3.238 

-0.937 

-2.301 

3 

-5.621 

11.964 

-17.585 

4 

2.085 

3.699 

-1.604 

5 

£.131 

1.834 

lllllllllllllim^y 

6 

15.442 

4.339 

11.103 

Su3iunar>' .  The  preceding  analysis  of  depot  processing 
time  indicates  that  there  are  fewer  significant  differences 
in  the  means  and  variances  of  the  test  pairs  than  was  found 
with  total  processing  time.  The  significance  of  these 
differences  will  be  discussed  in  the  next  chapter.  This 
concludes  the  analysis  of  the  depot  processing  time,  in  the 
next  section  data  for  the  final  component  of  the  total 
processing  time,  me.teriel  in-transit  time,  are  examined. 


Analysis  Of  Materiel  In-Tramsit  Time 

Significance  of  Full  Model.  The  results  of  the  full 
model  weighted  ANOVA  for  materiel  in-transit  time  are  at 
table  27.  This  model  was  significant  with  an  F  value  of 
225.75  with  a  Pr  >  F  =  .0001.  The  coefficient  of 


determination  for  the  ANOVA  (R-')  shows  that  almost  341;  of 


the  variance  in  the  data  was  taken  up  by  the  model.  This  is 
greater  than  the  value  observed  for  both  depot  and  total 
processing  times. 


Table  27.  Full  Model  ANOVA  for  Materiel  In-Transit  Time 


Sia  of 
Squares 

Model  Sta 
of  Spares 

Error  Sub 
of  Squares 

Mean  Square 
Error 

F  Value 

?r  >  F 

19,532 

6,624 

12,908 

.99998 

.33914 

286.01 

0.0001 

Significant  Factors  of  the  Model.  Table  28  lists  the 
type  III  sums  of  squares  for  all  factors  and  interaction 
terms  in  the  model.  An  examination  of  the  table  shows  that 
all  factors  were  significant  with  a  Pr  >  F  of  .0001.  As  was 
the  case  in  the  previous  two  analysis,  the  table  also 
reveals  that  there  is  a  significant  (Pr  >  F  =  .0001)  three 
way  interaction.  Therefore  the  analysis  preceded  with  the 
study  of  simple  main  effects. 


Table  28-  Significant  Factors 


Source 

DF 

Type  lu  ss 

Mean  Square 

F  Value 

Pr  >  r 

WIKDOH 

1 

211.45944 

211.45944 

mmm 

0.0001 

METHOD 

1 

185.91734 

185.91734 

185.92 

0.0001 

WII1D0M*HET5C» 

1 

117.23185 

117.23185 

U7.23 

0.0001 

BOSPITAL  PAIR 

5 

1659.81468 

331.96294 

331.% 

0.0001 

HCKPITAL  PAIS 

5 

493.32944 

98.66589 

98.67 

C.OOOl 

HEm)D* 
BOSPITAL  PAIR 

5 

982.55166 

196.51034 

■■I 

0.0001 

WIMDOK* 

HOSPITAL  PAIR 

5 

175.16677 

3S. 03335 

35.03 

0.0001 

_ 
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Table  29  contains  the 


results  of  the  ANOVA's  done  for  each  hospital  pair.  An 
examination  of  the  table  will  reveal  that  the  model  was 
significant  for  all  hospital  pairs  at  Pr  >  F  =  .0001.  For 
this  variable  the  range  of  values  for  the  coefficient  of 
determination  (R^)  was  much  wider  than  for  the  previous 
variables.  The  values  ranged  from  a  low  of  2.6%  in  pair 
4  to  a  high  of  42.3%  in  hospital  pair  1  indicating  that  a 
larger  portion  of  the  variance  was  taken  up  by  the  model  for 
this  variable  than  for  the  previous  variables.  ' 


Table  29.  Individual  Weighted  ANOVAs 


Hospital 

pair 

B 

— 

Model  Sia  of 
S^fuares 

Error  Sia  of 
Squares 

Total  Sua  of 
Sqpiares 

P  Value 

— 

Pr  >  P 

1 

3558 

2601 

3554 

6155 

0.4226 

867 

0.0001 

2 

2410 

297 

2406 

2703 

0.1099 

99.07 

0.0001 

3 

1774 

443 

1770 

2213 

0.2003 

147.77 

0.0001 

4 

3085 

83 

3080 

3164 

0.0263 

27.69 

0.0001 

5 

574 

75 

570 

343 

.1137 

24.38 

0.0001 

6 

■ 

1531 

599 

1527 

mi 

.2816 

199.51 

0.0001 

Results  of  Pairwise  Comparisons.  The  results  of 
pairwise  compai'isons  using  the  Tukey  procedure  are  listed  in 
Table  30.  The  table  reveals  that  decreases  in  materiel  in¬ 
transit  times  were  found  in  hospital  pairs  1,  3,  5,  and  6. 
However,  significant  decreases  in  LTL  before  and  after 
shipments  for  pairs  1  and  3  may  offset  the  much  of  the 
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decrease  for  these  pairs.  The  remaining  hospital  pairs,  2 
and  4,  experienced  a  slight  increase  in  materiel  in-transit. 


Table  30.  Tukey's  Student! zed  Range  (HSD)  Test 


Pair 

Groiq> 

Co^i^isoQ 

Simltaiwous 

Lover 

Cofifidence 

Liait 

Difference 
Betseea  Meaim 

..   j 

SuRiitaoeons 

Upper 

Omfidence 

Liiit 

1 

-  LB 

-2.3099 

-1.7069 

-1.1038  *** 

El 

-  DA 

3.9375 

4.4906 

5.0437  *i* 

LB 

-  LA 

1.6347 

2.0781 

2.5216  *** 

2 

m 

-  LB 

-3.5406 

- 

-2.8600 

-2.1794  *** 

HR 

-  DA 

-1.9978 

-1.4183 

-0.8388 

LB 

-  LA 

-1.5412 

-0.9331 

'0.32S0 
 .. 

3 

DB 

-  IB 

2.5132 

3.0071 

3.  sou  *** 

m 

-  DA 

2.3456 

2.9456 

3.5456  *** 

LB 

-  U 

1.1721 

- 

1.7195 

2.2670  *«■ 

< 

DB 

-  LB 

0.407? 

O.S443 

1.2807  *** 

mam 

IS 

-  DA 

-0.9942 

-0.5572 

-0.1202 

LB 

-  U 

-0.5455 

-0.1655 

0.2175 

5 

DB 

“"*1 

-  LB 

-0.9606 

-0.3115 

0.3376 

m 

-  DA 

0.8311 

1.6919 

2.5528  *** 

-  LA 

-0.6519 

-0.1059 

0.4401 

6 

-  LB 

-0.7409 

-0.1252 

0.4905 

IB 

-  DA 

2.6370 

3.2573 

3.8776  *** 

1 

LB 

-  LA 

-1.5830 

-1.0690 

-0.5550  *** 

Effects  on  Materiel  In-Transit  Time.  In  order  to 
estimate  the  effect  of  the  dedicated  truck  program  on 
materiel  in-transit  tine  the  results  of  the  pairwise 


comparisons  found  in  Table  30  were  subjected  to  the  same 
procedure  as  were  the  previous  variables.  Table  31  contains 
the  sane  three  separate  estimates  of  true  difference:  most 
conservative,  simple  difference  of  the  means  and  least 
conservative  - 

An  examination  of  Table  3l  reveals  that  hospital  pairs 
1 ,  3 ,  5 ,  and  6  experienced  decreases  which  may  be  associated 
with  the  dedicated  truck  prcxjram-  The  test  results  for 
hospital  pairs  2  and  4  pass  through  zero  indicating  that 
there  was  no  significant  difference  in  processing  times 
attributable  to  the  dedicated  truck  program  for  these 
hospital  pairs. 


Table  31.  Estimates  of  Differences  in  Means 


Bcspital 

Fair 

Conservative 

Estiiate 

Siq>le  Difference 

Least 

Conservative 

Estiaate 

Difference 
fietKeo  Test  & 
Control 

1 

1.4159 

2.4125 

3.409 

-1.7069 

2 

-1.6728 

-0.4852 

0.7024 

-2.8600 

3 

0.0786 

1.2261 

2.3735 

3.0071 

4 

-1.2117 

-0.3917 

0.4283 

.8443 

5 

0.391 

1.7978 

3.2047 

fi/S 

6 

3.192 

4.3263 

5.4606 

N/S 

Differences  in  Variance.  To  determine  if  the  cell 
variances  for  the  DT  before  and  after  ceils  are  different, 
the  cell  variances  for  materiel  in-transit  time  were 
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subjected  to  the  same  F  test  as  were  the  previous  variables . 
Table  32  shows  that  the  variances  of  the  cells  representing 
tbs  DT  before  and  after  conditions  for  all  hospital  pairs 
except  pair  2  were  sufficiently  different  to  reject  the  null 
hypothesis  at  a  =  .05.  The  variances  of  cells  representing 
the  DT  before  and  after  conditions  for  hospital  pairs  2  were 
not  significantly  different. 


Table  32.  F  Test  for  Equality  of  Variance 


all 

Before 

iftct 

Test  resalts 

1  OT 

45.012 

4.355 

10.335710 

Reject  H., 

2  DT 

8.035 

8.063 

1.003485 

Acc^t 

3  Df 

26.925 

6.149 

4.378761 

■Ban 

4  DT 

10.195 

16.086 

1.577832 

5  m 

5.169 

mmmB 

1.667957 

■Bm 

6  DT 

—  -  -  1 

11.950 

6.935 

1.723143 

Reject 

Key:  1  DT,  etc.  refers  to  the  converted  hospital  in  pair  l. 


Effects  on  Materiel  In-T-ransit  Time  Variance .  The 
magnitude  of  changes  in  the  variances  of  the  cells  that 
could  be  associated  with  the  effect  of  the  dedicated  truck 
program  were  calculated  in  the  same  manner  as  for  total  and 
depot  processing  times. 

Table  33  displays  the  results  of  adjusting  the 
estimated  changes  in  variance  between  the  before  and  afrer 
DT  cells  by  any  changes  in  variance  found  in  the  LTL  before 
and  after  cells.  Hospital  pairs  1,  2,  3  and  6  show 
decreases  of  between  8  and  42  days  while  pair  4  shows  an 
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increase  in  in-transit  time  of  5  days.  Hospital  pair  5 
experienced  a  minor  increase  of  0.5  days. 


Table  33.  Differences  in  Variance 


Hospital 

Pair 

IB  -  M 

-  Li 

Difference 

1 

40.657 

-1.350 

42.007 

2 

K).028 

-10.508 

10.480 

3 

20.776 

0.054 

20.722 

4 

-5.891 

-0.76S 

-5.123 

6 

2.070 

2.578 

-0.508 

6 

5.015 

-3.079 

8.094 

Chapter  Summary 

The  results  of  the  analysis  provided  nixed  answers  to 
the  research  questions.  The  most  significant  results  of  the 
analysis  were  the  changes  in  variance.  Further  discussion 
and  analysis  of  these  results  are  in  Chapter  V.  The 
conclusions  reached  by  the  authors,  based  on  the  research 
and  analysis,  and  their  implications  for  DLA^s  dedicated 
truck  program  are  presented. 
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Overview 


In  1991,  the  Government  Accounting  Office  issued  a 
report  criticizing  the  Department  of  Defense  (DOD)  for  its 
large  standing  inventories  of  medical  materiels  and  the 
management  practices  which  created  them.  In  response,  DOD 
adopted  several  new  policies  in  order  to  reduce'  the  size  of 
its  standing  inventory  and  related  holding  costs.  Some  of 
these  changes  were  adaptations  of  civilian  practices  such  as 
Just-In-Time  (JIT)  inventory  management.  Two  of  the 
elements  of  Just-in-Time  are  the  reduction  of  lead-time  and 
lead-time  variance  in  the  delivery  of  materiel.  These 
elements  play  key  roles  in  increasing  reliability  and  result 
in  improved  customer  service  and  decreased  inventory  levels . 

Prior  to  1992  medical  materiel  was  shipped  by  i,he 
depots  to  the  hospitals  by  a  method  known  as  less-than- 
truckload  (LTL).  Under  this  metliod  only  a  portion  of  the 
truck  is  contracted  for  and  the  shipper  is  allowed  to  make 
stops  for  freight  consolidation  and  other  deliveries.  In 
December  1991  the  Defense  Logistics  Agency  (DLA)  initiated 
the  dedicated  truck  program  designed  to  improve  the  speed 
and  reliability  of  medical  supply  deliveries.  Under  this 
program  transportation  is  contracted  for  direct  shipment 


from  the  depot  to  the  supported  hospital.  It  was 
hypothesized  that  this  direct  delivery  method  would  reduce 
both  lead  time  and  lead  time  variability.  The  purpose  of 
this  research  was  to  determine  if  there  were  reductions  in 
these  factors  and  if  found,  could  they  be  associated  with 
the  implementation  of  the  dedicated  truck  program. 

This  chapter  first  reviews  the  methodology  used  in  this 
study.  Next,  based  on  the  literature  review,  expectations 
of  the  research  are  discussed.  The  actual  findings  are 
explained  in  the  third  section,  followed  by  the  implications 
and  limitations  of  the  research.  The  chapter  concludes  with 
suggestions  for  further  research. 

Methodology 

Data  was  collected  from  the  Defense  Logistics  Agency 
(DLA)  and  the  Army  Logistics  Control  Agency  (LCA)  for  twelve 
hospitals.  Six  of  these  hospitals  had  converted  to  the 
dedicated  truck  program.  These  were  matched  for  servicing 
depot,  distance,  size,  workload,  and  service  by  six 
hospitals  that  still  received  supplies  through  less-than- 
truckload  shipments.  Data  was  collected  for  a  period  of 
ninety  days  before  and  after  a  thirty  day  transition  window. 

The  data  was  broken  down  to  isolate  the  depot 
processing  time  and  materiel  in-transit  elements.  A  third 
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category,  total  processing  time,  was  created  by  combining 
the  two  elements. 

The  data  were  analyzed  using  descriptive  statistics. 
Analysis  of  Variance,  and  pairwise  comparisons  using  the 
Tukey  test.  Combining  the  results  of  these  techniques 
enabled  the  authors  to  isolate  and  estimate  the  effects  of 
the  dedicated  truck  program  on  lead-time  and  lead-time 
variance . 

Expectations 

Prior  to  gathering  and  analyzing  the  data  the 
researchers  conducted  a  literature  review  to  determine  the 
impact  of  converting  to  a  dedicated  truck  program  and  to 
identify  variables  of  interest.  This  provided  answers  to 
the  first  three  research  questions  of  the  study. 

First,  the  literature  review  provided  evidence  that 
reductions  in  lead-time  and  lead-time  variance  have  a 
important  impact  on  inventory  levels.  Research  conducted  by 
experts  in  the  field  of  inventory  management  demonstrated 
that  any  reduction  in  lead-time  should  result  in  an  equal 
reduction  in  overall  inventory,  specifically  in  order-ship 
time  levels.  Lead-time  variance  was  proven  to  have  a 
significant  impact  on  overall  inventory  levels  through  the 
reduction  of  safety  levels.  In  fact  some  experts  contend 
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that  the  effects  of  lead-time  variance  on  safety  levels  may 
be  greater  than  that  of  lead-time  (Chapman,  1986:8). 

The  basis  for  this  concept  lies  in  the  realm  of 
reliability  and  customer  service.  This  addresses  the  second 
research  question  of  this  study,  establishing  whether  a 
relationship  exists  between  lead-time  variance,  reliability, 
and  customer  service.  The  literature  firmly  establishes 
that  on-time  delivery  is  a  primary  objective  of  reliability. 
Research  done  on  companies  following  JIT  implementation  has 
shown  that  reliable  deliveries  were  consistently  rated  as  a 
major  factor  in  customer  satisfaction  (Freeland,  1991:45; 
Byrne  and  Markham,  1992:171).  Therefore  regular,  reliable 
deliveries  such  as  those  provided  by  the  dedicated  truck 
program  should  result  in  increased  customer  satisfaction. 

The  third  research  objective  was  to  identify  the 
components  of  lead-time  affected  by  the  dedicated  truck 
program.  These  comp>onents  had  to  be  measurable  and 
identifiable  within  the  data  supplied  by  the  DLA  and  LCA. 
This  definition  was  required  prior  to  any  data  gathering  or 
the  development  of  hypotheses.  Research  of  the  information 
contained  in  the  databases  revealed  key  dates  (MRO  date, 
ship  date,  receipt  date)  which  could  be  used  to  identify  the 
stages  of  shipment  processing.  The  measures  used  in  this 
study,  depot  processing,  materiel  in-transit  and  total 
processing  times  vjere  derived  from  these  dates. 
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Depot  processing  time  was  defined  as  beginning  on  the 
date  the  material  release  order  was  transmitted  to  the  depot 
and  ending  when  the  material  was  ready  for  shipment. 

Materiel  in-transit  begins  when  the  material  is.  ready  for 
shipment  and  ends  when  the  hospital  processes  the  receipt. 

Findings 

A  statistical  analyses  was  conducted  to  determine  if 
lead-time  and  lead-time  variance  decreased  under  the 
dedicated  truck  program.  First,  means  and  variances  of  the 
components  of  lead  time  were  measured  and  the  results 
contrasted  before  and  after  the  conversion.  Then,  to 
eliminate  other  factors  the  changes  were  compared  with  those 
occurring  in  the  control  - 

Lead  Time  Reductions.  It  was  anticipated  that  the 
activities  undergoing  the  change  to  the  dedicated  truck, 
program  would  have  experienced  substantial  reductions  in 
their  lead-time.  However,  the  results  of  this  research  do 
not  support  this.  Tables  34  through  36  contain  summaries  of 
the  findings  for  total  processing  time  and  its  components. 
Each  table  displays  the  before  and  after  values  of  the  means 
as  well  as  the  estimated  difference  between  them.  The  final 
column,  adjusted  change,  contains  the  estimated  difference 
in  means  less  any  differences  found  in  the  matched  control. 
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within  the  six  hospitals  that  converted  to  the 
dedicated  truck  program  there  was  no  reliable  pattern  of 
decrease  in  the  total  lead-times.  Examination  of  Table  34 
reveals  that  only  two  hospitals  experienced  any  significant 
decrease  in  their  total  lead-time.  Of  the  other  four 
hospitals  in  the  test,  one  hospital  experienced  a  small 
decrease  while  the  remaining  three  experienced  no 
significant  changes.  The  results  also  varied  within  each  of 
the  two  components  with  no  consistent  pattern  emerging. 


Table  34.  Summary  of  Changes  in  Total  Processing  Time 


B0S()ital 


Mean  Before 

Heas  After 

Ctvanqe 

Adj’isted  Cbdnqe 

14.12 

8.12 

5.99 

3.78 

10.5 

14.80 

-4.30 

N/S 

11.01 

10.27 

N/S 

.15 

9.43 

10.50 

-1.07 

N/S 

7,53 

6.61 

.99 

H/S 

12,02 

9.39 

2.63 

1.98 

The  findings  for  mean  depot  processing  times  are 
summarized  in  Table  35.  Examination  of  the  table  shows  that 
depot  processing  time  decreased  for  only  one  of  the  six 
converted  hospitals  in  the  study.  The  adjusted  changes  in 
the  other  five  hospitals  were  not  significant.  Examination 
of  the  raw  changes  indicates  that  depot  processing  time 
increased  for  hospitals  2,  3,  and  4.  These  changes, 
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however,  were  experienced  by  both  the  test  and  control 
hospitals  and  were  attributed  tc  causes  other  than  the 
dedicated  truck  program. 


Table  35.  Summary  of  Changes  in  Dep>ot  Processing  Time 


Hospital 

Hean  before 

Mean  after 

Change 

Adjusted  Change 

1 

6.9S 

5.47 

1.60 

1.37 

2 

4.99 

7.87 

-2.89 

N/S 

3 

4.34 

6.55 

-2.21 

N/S 

4 

4.51 

5.03 

-0.52- 

M/S 

5 

3.45 

4.22 

H/S 

H/S 

6 

5.27 

5.90 

H/S 

H/S 

By  contrast,  the  changes  in  materiel  in-transit  time, 
shown  in  Table  36,  wei*e  more  distinct.  Four  of  the  six 
hospitals  showed  significant  adjusted  decreases  ranging  from 
1.23  days  to  4.33  days.  Larger  gross  changes  were  seen 
however,  the  decrease  experienced  by  the  control  hospital 
offset  much  of  this  change.  Considering  that  pre-conversion 
means  ranged  from  four  to  seven  days,  the  decreases 
experienced  by  rhe  test  hospitals  were  very  significant. 

During  this  research  no  consistent  pattern  of  change 
within  the  variables  was  noted.  This  eliminated  the  results 
being  attributed  to  the  performance  of  any  individual  depot 
in  tile  implementation  of  the  program.  No  pattern  of  medical 
center  versus  hospital,  wcrKlcad  or  service  affiliation 
emerged  from  close  examination  of  the  analysis  either. 


Change  in  mean  processing  time  was  not  however,  the  only 
variable  of  interest  in  this  study. 


Table  36.  Summary  of  Changes  in  Materiel  In-Transit  Time 


Bospitdl 

Mean  before 

Meac  after 

Adjusted  diange 

X 

■  '  ' 

14.12 

8.12 

5.99 

3.78 

2 

10.5 

14.80 

-4.30 

K/S 

3 

11.01 

10.27 

n;s 

.15 

4 

9.43 

10.50 

-1.07 

K/S 

5 

7.53 

6.61 

.99. 

K/S 

6 

12.02 

9.39 

_ 1 

2.63 

1.98 

Changes  in  Variance.  One  of  the  areas  of  interest  in 
this  study  concerned  the  determination  of  whether  a 
measurable  decrease  in  lead-time  variance  was  experienced  by 
hospitals  under  the  new  program.  The  results  of  this 
analysis,  summarized  in  Table  37,  are  more  pervasive  than 
those  of  lead-time.  Overall,  five  of  the  six  hospitals 
showed  significant  decreases.  When  calculated  using  the 
adjusted  changes,  the  hospitals  using  the  dedicated  truck 
program  experienced  reductions  in  variance  ranging  from  32% 
to  93%.  These  reductions  in  variance  are  significant  and 
will  have  a  major  impact  on  the  quality  of  service  the 
activities  are  receiving.  These  effects  will  be  discussed 

3  ^  ^ 
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Table  37.  Changes  in  Total  Processing  Tine  Variance 


Variance  B^ore 

Variance  After 

Change 

84.38 

10.86 

73.52 

23.73 

23.08 

I/S 

49.75 

22.26 

27,49 

34.81 

35.42 

8/S 

22.62 

8.15 

14.47 

34.20 

11.51 

22.69 

let  Change 


73.01 


Depot  Processing  Time.  Of  the  three  variables  analyzed 
depot  processing  was  again,  the  most  inconclusive  result. 
Table  38  shows  that  three  of  the  six  hospitals  experienced 
adjusted  increases  in  variance  for  this  component,  one 
hospital  as  much  as  17.6  days.  In  contrast,  three  of  the 
six  demonstrated  decreases  between  6.3  and  11.1  days.  Again 
no  pattern  relating  to  any  of  the  independent  variables  was 
detected. 


Table  38.  Changes  in  Depot  Processing  Time  Variance 


Bospital 


Variance  Before 


19.85 


■ 


riiacc  ifter 


Change 


^djittsted  Change 


2 

12.22 

3 

10.60 

4 

15.27 

5 

12.31 

6 

21.19 

9.19 

10.66 

10.28 

15.46 

-3.24 

-2.30 

16.22 

-5.62 

-17.59 

13.17 

2.10 

-1.60 

4.17! 

8.14 

6.30 
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Hatgrlel  In-Transit-  Tine.  Materiel  in-transit  time 
displayed  results  siailar  to  those  of  its  mean  values.  The 
change  in  variance  was  much  more  pronounced  and  identifiable 
than  for  depot  processing  ciae.  Four  of  the  six  hospitals 
demonstrated  a  decrease  in  variance,  one  by  as  much  as  42 
days.  Of  the  two  hospitals  experiencing  increases  in 
variance,  only  one  was  significant. 


Table  39.  Changes  in  Materiel  In-Transit  Time  Variance 


1  Bo^ital 

Varisuce  Before 

Variauoe  iftcr 

Cbasqi 

let  Qiaoge 

1 

45.01 

4.36 

40.65 

42.01 

2 

8.04 

8.06 

K/S 

10.48 

3 

26.93 

6.15 

20.78 

20.72 

4 

10.20 

16.09 

'5.89 

-5.12 

5 

_ 

3.10 

2.07 

K/S 

€ 

11.95 

6.94 

5.01 

8.09 

Summary  of  findings.  The  research  found  no  conclusive 
evidence  that  significant  reductions  in  mean  lead-time  were 
experienced  due  to  the  dedicated  truck  program.  The  changes 
in  variance  experienced  were  more  widespread  and 
significant.  Five  of  the  six  hospitals  showed  decreases 
from  a  moderate  8  days  to  a  highly  significant  78  days.  On 
the  other  hand,  the  one  hospital  experiencing  an  increase  in 
variance  had  only  a  seven  day  change. 
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It  is  the  judgement  of  these  authors  that  these 
analyses  do  in  fact  demonstrate  that  a  measurable  decrease 
in  lead-time  variance  did  occur  and  was  associated  with  the 
impiemeiitation  of  the  dedicated  truck  program. 

Implications 

There  are  several  implications  which  may  be  drawn  from 
the  findings  of  this  research.  This  analysis  was  unable  to 
conclude  that  a  reduction  in  lead-time  had  occurred  as  a 
result  of  the  dedicated  truck  program.  However,  a  reduction 
in  lead-time  variance  was  demonstrated  and  attributed  to  the 
dedicated  truck  program.  Based  on  the  decrease  in  variance 
the  program  has  increased  reliability  and,  as  a  result, 
improved  customer  service.  The  effect  upon  inventory  levels 
is  not  clear  since  no  reduction  of  lead-time  itself  was 
proven.  Although  lead-time  variance  also  affects  safety 
stock,  the  relationship  is  less  direct  and  therefore  more 
difficult  to  measure. 

The  most  unexpected  thing  that  became  obvious  in  the 
conduct  of  this  research  was  that  the  total  processing  time 
was  never  as  bad  as  most  materiel  managers  perceived  it. 

The  prevalent  belief  was  that  lead-time  from  the  depot 
averaged  as  much  as  30  days.  The  research  showed  that  total 
processing  time  prior  to  dedicated  truck  averaged  only 
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eleven  days  for  both  the  test  and  control  hospitals . 

Starting  with  the  misperception  of  existing  service ,  :he 
regularly  scheduled  deliveries,  combined  with  the 
demonstrated  decrease  of  variance  and  moderate  change  in 
service,  could  have  a  profound  affect  on  the  manager's 
perception  of  the  service  provided  under  the  dedicated  truck 
program . 

An  additional  result  of  increased  reliability  is 
enhancing  the  ability  of  the  materiel  managers  at  the 
hospitals  to  manage.  The  dedicated  truck  program 
facilitates  management  in  a  variety  of  ways.  Under  the 
program  the  manager  can  incorporate  depot  deliveries  into 
the  daily/weekly  work  schedule  thus  increasing  the 
efficiency  of  the  hospital  operation. 

The  program  also  provides  the  materiel  manager  with 
information  he  did  not  have  previously.  Under  the  old 
method  supplies  did  not  arrive  on  a  set  schedule.  Once 
shipped  from  the  depot  the  status  of  the  item,  and  when  it 
would  arrive,  were  subjects  of  conjecture.  If  the  materiel 
did  not  arrive  on  a  given  day  it  was  not  known  how  long  it 
would  be  before  it  would  arrive. 

Under  the  dedicated  truck  program,  the  manager  knows 
when  his  supplies  will  be  arriving.  More  importantly,  if  an 
item  is  not  on  the  truck,  the  manager  will  know  with 
certainty  the  earliest  he  may  expect  the  item.  The  manager 
may  now  use  this  information  to  decide  whether  to  purchase 
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the  item  locally,  increase  the  priority  or  wait  for  the  next 
truck. 

It  is  the  opinion  of  the  authors  that  the  overall 
results  of  the  study  support  the  continuation  and  expansion 
of  the  dedicated  truck  program. 

Limitations 

Perhaps  the  greatest  limitation  in  this  research  was 
that  the  number  of  hospitals  for  which  adequate  data  was 
available  was  limited.  This  was  due  to  a  number  of  reasons 
but  the  three  with  the  largest  impact  were;  time 
constraints,  inability  to  match  some  test  hospitals  with 
appropriate  controls,  and  incomplete  data.  Time  was  a 
factor  because  only  a  limited  number  of  hospitals  had 
converted  to  dedicated  truck  early  enough  for  data  to  be 
available.  For  the  data  which  was  available,  we  were  not 
able  to  find  appropriate  matches  for  all  test  hospitals. 

The  final  limiting  factor  on  the  number  of  hospitals 
used  in  the  study  was  incomplete  data.  Several  observations 
in  the  data  set  had  to  be  eliminated  because  they  lacked  a 
key  date.  This  problem  resulted  in  the  elimination  of  all 
Navy  records  from  the  data  set  thereby  eliminating  the  Navy 
from  this  study. 
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The  elimination  of  the  Navy  from  the  database  is  the 
second  limitation  of  this  study  since  the  results  of  the 
study  cannot  be  directly  applied  to  the  Navy.  However,  it 
can  be  reasonably  expected  that  Naval  medical  facilities 
undergoing  the  change  to  dedicated  truck  may  experience  the 
same  benefits.  The  authors  feel  comfortable  in  this 
assertion  because  the  operation  of  the  program  and  the 
factors  included  in  this  study  are  external  to  the  hospital. 

The  final  limitation  to  this  study  was  the  small  amount 
of  variance  explained  by  the  model  for  some  of  'the  test 
pairs.  This  indicates  that  the  majority  of  variance  in  the 
lead-time  may  be  attributable  to  factors  other  than  the 
dedicated  truck  program. 


Further  Research 

As  often  occurs,  during  the  course  of  this  research 
many  other  questions  were  raised.  These  were  outside  the 
scop>e  of  this  investigation  and  could  not  be  explored  here. 
However,  the  answers  to  some  of  them  have  a  potentially 
great  impact  on  the  future  of  DLA  and  DOD  medical  logistics. 

Incomplete  Records.  Cited  as  a  limitation,  the 
predominance  of  incomplete  records  in  both  the  DLA  and  LCA 
databases  is  an  optimal  area  for  further  research.  The 
three  services  varied  in  the  severity  of  the  proDlem,  but  it 
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is  an  alarming  statistic  for  all.  The  Air  Force,  with  the 
best  completion  rate,  still  suffered  a  42.7%  incomplete  rate 
during  the  periods  observed.  The  breakdown  of  the 
observations  from  DLA,  by  service,  are  in  Table.  40,  while 
Table  41  contains  the  breakdown  for  the  Army  observations 
received  from  LCA. 


Table  40.  DIDB  Incomplete  Observations 


Incomplete  observations  by  service  (DIDB) 

Air 

Force 

Army 

Navy 

Total  observations 

28,275 

39,303 

20,046 

Incomplete  observations 

-12,079 

-23,020 

-20,045 

Complete  observations 

16,196 

16,283 

1 

Percent  incomplete 

' 

42.7% 

58.6% 

100% 

Table  41.  LCA  Incomplete  Observations 


Incomplete  observations.  Army  (LCA) 

Army 

Total  observations 

119,763 

Incomplete  observations 

-41,894 

Complete  observations 

77,869 

Percent  incomplete 

35% 

100 


Although  this  problem  was  widespread  within  the  data 
for  all  three  services,  there  were  a  distinct  differences 
between  the  individual  services.  The  data  in  Table  58  shows 
only  one  Navy  requisition  had  posted  a  closing  document  to 
the  DLA  database.  In  fact,  the  one  closing  document  was  for 
a  request  originated  by  a  Navy  facility  but  delivered  to  an 
Army  address.  This  problem  led  to  the  elimination  of  all 
Navy  hospitals  from  the  sample.  Is  there  a  difference  in 
service  regulations  that  supports  this  absence  of  closing 
documentation  or  is  there  an  incompatibility  in  the  data 
processing  systems? 

Another  interesting  question  is  raised  by  the  disparity 
in  the  data  received  from  DLA  (DIDE)  versus  that  from  LCA. 
The  variation  from  58.6%  to  35%’ needs  no  additional  testing 
to  prove  significance.  LCA  states  that  DLA  is  one  of  their 
sources.  What  additional  sources  are  providing  closing 
documentation  for  medical  materiel  requisitions? 

From  the  DLA  perspective,  what  affect  does  this  have  on 
inventory  management  and  billing  procedures?  It  certainly 
would  affect  their  ability  to  offer  quality  customer  service 
since  overdue  requisitions  cannot  be  differentiated  from 
those  received  but  not  closed  out  in  the  DLA  database.  DLA 
has  formed  a  Process  Action  Team,  as  part  of  their  Total 
Quality  Management  program,  to  investigate  and  resolve  some 
of  these  questions. 
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Another  factor  meriting  investigation  is  the 
information  systems  used  by  each  of  the  individual  services 
to  manage  their  medical  materiel-  Preliminary  screening  of 
the  data  received  for  Army  facilities  indicated  an 
increasing  number  of  complete  observations  over  time. 

During  the  same  time  period  as  this  study  covered,  the  Army 
was  deploying  a  new  inventory  management  stem  to  many  of  its 
hospitals.  The  authors  speculate  that  this  new  system  may 
be  responsible  for  the  increase  in  completed  requisitions. 
However,  there  were  indications  that  even  with  tiiis  new 
system  some  closing  documents  are  still  not  received  or 
posted  to  DLA's  database. 

Differences  in  Transmission  Times, to  DLA.  The  initial 
intent  of  this  research  was  to  measure  total  lead-time. 

That  is,  to  measure  from  the  initiation  of  the  requisition 
by  the  hospital  to  receipt  by  the  same  hospital . 

Preliminary  investigation  of  the  initiation  procedures 
followed  by  the  different  services  uncovered  some  problems. 
Since  it  was  our  desire  to  measure  the  effects  of  the  DLA 
program  the  decision  was  made  to  eliminate  any  component 
controlled  by  the  service  rather  than  the  depot. 

Basically,  the  three  services  all  follow  different 
procedures  in  creating  a  requisition  and  preparing  it  for 
transmission  to  DLA.  In  addition,  each  service  and  facility 
may  use  difterent  methods  of  transmission  to  send  that 
requisition  to  DLA.  These  differences  lead  to  a  great  deal 
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of  variation  in  the  length  of  time  between  the  birth  of  a 
requisition  and  its  receipt  at  DLA.  In  fact  for  some 
rec[uisitions  50%  of  the  total  lead-time  was  prior  to  receipt 
of  the  requisition  by  DLA. 

This  sometimes  large  and  widely  varying  component  of 
lead-time  offers  an  opportunity  for  further  investigation. 

In  a  time  of  downsiaing  and  shrinking  budgets,  thorough 
research  may  lead  to  a  significant  change  in  a  very 
expensive  domain. 

Qther-than-supportinq  depot  shipments .  Another 
discrepancy  that  became  evident  during  the  preparation  of 
the  data  for  analysis  was  the  number  of  shipments  sent  from 
other  than  the  hospital ^s  supporting  depot.  Since  these 
were  the  last  group  of  observations  eliminated  from  the  data 
set  complete  nximber  are  not  available.  However,  they 
represented  26%  of  the  remaining  observations  after  all 
other  categories  were  eliminated.  The  cost  of  shipping  one- 
fourth  of  all  medical  materiel,  possibly  across  the  country, 
is  staggering. 

The  basis  for  many  of  these  shipments  is  an  inventory 
practice  called  FIFO  -  first  in,  first  out.  In  order  to 
ensure  that  supplies  do  not  expire  on  the  shelves,  leading 
to  their  destruction  and  waste,  DLA  practices  FIFO  for  their 
stocks  as  one  inventory  regardless  of  location.  So  older 
stocks  from  Tracy  in  California  would  be  used  to  fill  an 
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order  from  Bethesda  Naval  Medical  Center,  despite  stocks  on- 
hand  in  Meehan icsburg,  PA. 

This  problem  is  exacerbated  by  the  contracting 
practices-  DLA  does  not  have  the  capability  of  predicting 
usage  rate  by  region  and  contracting  for  deliveries 
proportionately.  This  leads  to  older  stocks  becoming 
concentrated  in  a  region  that  probably  doesn^t  have  a  high 
requirement.  And  that,  in  turn,  causes  cross-country 
shipments  to  those  regions  and  hospitals  that  do  have  thf^ 
need. 

Further  research  is  needed  to  establish  the  true  cost 
of  this  quality  control  practice  and  contrast  it  to  the 
costs  of  the  additional  shipping  it  causes.  An  additional 
area  for  research  is  to  determine  the  exact  requirements  for 
an  inventory  management  system  that  could  resolve  the 
underlying  cause  of  this  problem. 
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i^pp^ndix  A-  Hospital  Degcr-iptaons 
Activities  used  in  study 


ictivity  nase 

Hetbod  of 
Shipiant 

Sen.’ice 

Hospital 

Type 

Servicing 

Depot 

Bed 

Capacity 

Annual 

clinic 

visits 

ll,COO 

Hospital  pair  1 
Bright  Patterson 

LTL 

AF 

H 

PA 

175 

479 

Halcoj  Grow 

DT 

AF 

H 

PA 

164 

473 

Hospital  pair  2 

Hadigan 

LTL 

AP 

H 

TR 

269 

916 

Lettenan 

W 

AR 

H 

TR 

182 

4C2 

Hospital  pair  3 

Ft  Sill 

LTL 

AR 

H 

ffi 

99 

522 

Ft  Caipbell 

DT 

AR 

B 

ME 

88 

595 

Hospital  pair  4 

179 

Best  Point  Mli’ 

LTL 

AR 

B 

PA 

34 

Ft  Ue 

OT 

AR 

E 

PA 

37 

203 

Eo^ital  pair  5 

103 

Qianute  ILL 

LTL 

^S 

B 

HE 

8 

Hoody  GA 

DT 

AF 

B 

ME 

8 

110 

Hospital  pair  6 

Ft  Hood 

LTL 

AR 

B 

ME 

134 

765 

Ft  Carson 

W 

AR 

S 

ME 

98 

593 

105 


Relative  workloads 


Activity  naie 

Workload  @  3 
clinic  visits 
to  1  inpatient 
day 

iiorkload  8  25 
clinic  visits 
to  1  inpatient 
day 

Relative  standing 
83:1  conversion 

Relative  standing 
8  25:1  conversion 

Bospital  pair  1 

Bri# 

Patterson 

223,382 

83,035 

no 

112 

MalcOB  Grow 

217,369 

78,780 

108 

109 

Ho^ital  pair  2 

Madigan 

403,213 

134,825 

123 

120 

Lettenan 

200,296 

82,510 

102 

in 

So^ital  pair  3 

Ft  SiU 

20,9%1 

57,015 

106 

105 

Ft  Ca»{rf)ell 

23,0255 

55,920 

112 

102 

Hospital  pair  4 

West  Point  KY 

72,017 

19,570 

61 

69 

Ft  Lee 

81,104 

21,625 

67 

72 

Hospital  pair  5 

OiaEute  ILL 

37,219 

7040 

24 

21 

Moody  GA 

39,550 

7320 

29 

23 

Hospital  pair  6 

Ft  Hood 

303,655 

79,510 

116 

no 

Ft  Carson 

233,239 

59,490 

113 

106 

106 


Figure  6.  Histograph;  Total  LTL  Before 
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Figure  8.  Histograph:  Total  DT  Before 
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Figure  10,  Histograph:  Depot  LTL  Before 
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Figure  12.  Histograph:  Depot  DT  Before 
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Frequency 


Figure  14.  Histograph:  Materiel  In-Tran?;it  LTL  Before 


Figure  15.  Histograph:  Materiel  In-Transit  LTL  After 
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Figure  16.  Histograph:  Materiel  In-Transit  DT  Before 


Listing  Of  Cell  Sizes,  Means  And  Variances 
Total  Processing  Tine 


Listing  Of  Cell  Sizes,  Hecins  And  Varicinces  For 
Depot  Processing  Time 


Listing  of  Cell  Sizes,  Means  And  Variances 
Materiel  Intransit  Time 


Hospital  pair  Window 


LTL 

before 

SSl^l 

DT 

before 

DT 

after 

LTL 

before 

LTL 

after 

DT 

before 

DT 

after 

LTL 

before 

LTL 

after 

DT 

before 

DT 

after 

LTL 

before 

LTL 

after 

DT 

before 

DT 

after 

LTL 

before 

LTL 

after 

DT 

before 

DT 

after 

LTL 

before 

LTL 

after 

DT 

before 

DT 

after 

N 


741 


930 


320 


1568 


413 


666 


401 


931 


639 


346 


85 


305 


717 


1050 


605 


713 


203 


198 


110 


64 


437 


440 


235 


419 


Mean 


8.845 


6.767 


7.138 


2.647 


8.376 


9.31 


5.  :hi6 


6.934 


3.659 


1.939 


3.72 


4.07 


4.235 


4.914 


5.471 


4.394 


.5 


4.083 


2.391 


6.874 


7.943 


6.749 


3.492 


Variance 


12.726 


14.076 


45.012 


4.355 


15.393 


25.901 


8.C35 


8.063 


3.184 


3.13 


26.925 


6.149 


6.076 


6.844 


10.195 


16.086 


5.814 


3.236 


5.169 


3.099 


7.23 


10.309 


11,95 


6.935 


Full  Model  Onaeighted  ANOVA 


General  Linear  Models  Procedure 
Class  Level  Infonation 


Class 

Levels 

Values 

WIMDOM 

2 

A  B 

HETBOD 

2 

C  T 

KSJAIR 

6 

1  2  3  4  5  6 

Musber  of  observations  in  data  set  *  12932 


Dependent  Variable;  TOTAL 


Source 

DF 

Sub  of 
Squares 

Mean 

Square 

r  Value 

Pr  ^  ? 

Model 

23 

113876.210 

4951.140 

178.65 

0.0001 

Error 

12908 

357733.970 

27.714 

Corrected  Total 

12931 

471610.180 

R-Square 

c.v. 

Root  HSE 

T0T21  Mean 

0.241463 

47.89305 

5.26442 

10.9920 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value- 

Pr  >  P 

WIUWiN  1 
HETM)  1 
BIHDOS  *  METHOD  1 
HOSJAIR  5 
WlliDCB  *  HOSJAIR  5 
HETHDD*HOS_PAIR  5 
wu(Dow*HrrioD*aos_PAiR  5 

79.5647 

1170.0050 

726.0550 

51042.4679 

22235.3566 

13992.5116 

2242.2632 

79.5647 

1170.0050 

726.0550 

10208.4936 

4447.0713 

2798.5023 

448.4526 

2.87 
42.22 
26.20 
368. 35 
160.46 
100.98 
16.18 

C.0902 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 
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Pull  KXjel  Unveiglited  AIJOVA 
General  Linear  Models  Procedure 


Level  of 

Level  of 

Level  of 

- TOTAL' 

HXMDOK 

METOffl 

H0S_PAIR 

H 

Mean 

SD 

1 

c 

1 

930 

10.9452366 

5.30504480 

D 

1 

c 

2 

666 

19.1891892 

7.16026653 

a 

1 

c 

3 

346 

8.5462428 

3.50889558 

A 

X 

c 

4 

1050 

8.8561905 

4.38335581 

1 

c 

5 

198 

6.9696970 

3.16534068 

A 

1 

c 

6 

440 

13.5477273 

5.37669775 

A 

T 

1 

1668 

8.1218112 

3.29604335 

T 

2 

931 

14.8002148 

4.80443791 

A 

T 

3 

304 

10.2697368 

4.71773621 

A 

1 

T 

4 

713 

10.5007013 

5.95184912 

A 

1 

T 

5 

64 

6.6093750 

2.85422098 

n 

A 

T 

6 

419 

9.3866348 

3.39199915 

A 

5 

c 

1 

741 

13.1619433 

4.86334425 

B 

c 

2 

412 

14.7014563 

5.86802941 

B 

c 

3 

639 

9.1361502 

5.55834752 

B 

c 

4 

717 

8.2566248 

5.07744231 

i/ 

B 

c 

5 

203 

7.4334975 

4.08077612 

B 

c 

6 

437 

12.8993135 

6.34981214 

B 

T 

1 

319 

14.1159875 

9.18617851 

V 

B 

T 

2 

401 

10.4962594 

4.87140749 

B 

T 

3 

485 

11.0061856 

7,05307234 

B 

T 

4 

605 

9.4280992 

5.90040440 

B 

T 

5 

109 

7.5321101 

4.75622167 

B 

T 

6 

235 

12.0170213 

5.84849017 
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unweighted  ASOVi  Using  Group 


General  Linear  Models  Procedure 


Class  Level 

Inforaation 

Levels 

Values 

G800P 

4 

CA  CB  TA  TB 

DS.PAIR 

6 

1  2  3  4  5  6 

Huiber  of  observations  in  data  set  =  12932 


Dependent  Variable:  TOTH 


Sua  of 

Mean 

Source 

DF 

Squares 

Square 

F  Value 

Pr  >  F 

Model 

23 

113876.210 

4951.140 

178.65  ' 

0.0001 

Error 

12908 

357733.970 

27.714 

Corrected  Total 

L2931 

471610.180 

R-Square 

C.V. 

Root  MSE 

TOTAL  Mean 

0.241463 

47.89305 

5.26442 

10.9920 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GBOCP 

3 

1863.0842 

621.0281 

22.41 

0.0001 

BOS.PAIF 

5 

51042.4679 

10208.4936 

368.35 

0.0001 

GKDOP*HDS_PAIR 

15 

38746.1199 

2583.0747 

93.20 

0.0001 

Tukey's  Studectized  Range  (BSD)  Test  for  variable:  BANK 
Alpha=  0.05  Confidence^  0.95  df=  3554  MSE=  9.116294 
Critical  Value  of  Student! zed  Ranges  3.635 
Coiparisons  significant  at  the  0.05  level  are  indicated  bv  ***  . 


G8O0P 

Coaparison 


TB 

-  TA 

TB 

-  CB 

TB 

-  a 

CB 

-  TA 

-  TB 

C8 

-  a 

Siaultaneous 

Loser 

Confidence 

Liait 

0.1292 

-0.5390 

-1.2285 

0.3292 

-0.2174 

-1.0293 


Difference 

Between 

Means 

0.4907 

-0.1603 

-0.8606 

0.6515 

0.1608 

-0.6999 


Siaultaneous 

Upper 

Confidence 

Liait 

0.8522  *** 

0.2174 

-0.4928  *** 

0.9737  *»* 

0.5390 

-0.3705  *” 
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Unweighted  KHOVk  Using  Group 

General  Linear  Models  Procedure 

Tukey's  Studentired  tonge  (BSh)  Test  for  variable:  BAUK 
ilpha=  0.05  Confidence^  0.95  df=  3554  HSE=  9.U6294 
Critical  Value  of  StiKientized  Ranges  3.635 
Coiparisons  significant  at  the  0.05  level  are  indicated  by  '***'. 

SiBultaneous  Siiultaneous 


Lower 

Difference 

Upper 

ffiK.PAlii 

Confidence 

Between 

Confidence 

Coiparison 

Linit 

Means 

Liiit 

1 

-  2 

-5.2288 

'4.8329 

-4.4371 

1 

-  3 

0.2845 

0.7206 

1.1567 

1 

-  4 

0.8690 

1.2381 

1.6072 

*** 

1 

-  5 

2.5719 

3.2468 

3.9217 

fk* 

I 

-  6 

-2.0003 

-1.5417 

-1.0831 

a* 

2 

-  3 

5.0841 

5.5535 

6.0229 

2 

-  4 

5.6631 

6.0710 

6.4789 

it* 

2 

-  5 

7.3829 

8.0797 

8.7766 

it* 

2 

-  6 

2.8008 

3.2912 

3.7816 

iii 

3 

•  4 

0.0705 

0.5175 

0.9646 

**t 

3 

•  5 

1.8058 

2.5263 

3.2468 

it* 

3 

'  6 

-2.7857 

-2.2623 

-1.7389 

tit 

4 

-  5 

1.3267 

2.0087 

2.6908 

it* 

4 

'  6 

-3.2489 

-2.7798 

-2.3108 

itt 

5 

-  6 

-5.5229 

-4.7885 

-4.0542 

ttt 
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Full  Model  lfei<^ted  iKCVi 


General  Linear  Models  procedure 
Class  Level  Information 


aass 

Levels 

Values 

tilSDCM 

2 

A  B 

MEffiOD 

2 

C  T 

BOS.PilK 

6 

123456 

Umber  of  observations  in  data  set  =  12^12 


Dependent  Variable:  TOTAL 
Beiqbt:  KT 


Sua  of 

Mean 

Source 

DP 

Squares 

Square 

F  Value 

Pr  >  F 

Model 

23 

4165.93479 

181.12760 

181.13 

0.0001 

Error 

12908 

12908.00018 

1.00000 

Corrected  Total 

12931 

17073.93497 

E-Square 

C.V. 

Root  HSE 

TOTAL  Mean 

0.243994 

9.927974 

1.00000 

10.0725 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

KIHDOK 

1 

3.31399 

3.31399 

3.31' 

0.0687 

METHOD 

1 

48.73247 

48.73247 

<8.73 

0.0001 

BUDOW  *  HETB® 

1 

30.24129 

30.24129 

30.24 

0.0001 

EOSJAIS 

5 

1903.40533 

380.68107 

380.68 

0.0001 

BIlffiOB  *  Bos.pm 

5 

555.56152 

111.11230 

111.11 

0.0001 

H£THCM)*aOS  PAIit 

5 

459.69756 

91.93951 

91.94 

0.0001 

«I11D0»*HETS0D*H0S_PAIR  5 

58.29176 

11.65835 

11.66 

0.0001 
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Full  Model  Weighted  AMOVA 
General  Linear  Models  Procedure 


Level  of 

Level  of 

Level  of 

Sa  of  — 

- TOTAL— 

Bt.AFTSR 

ffiTBOD 

aas.PAlB 

8 

Weights 

Mean 

SD 

A 

C 

1 

930 

33.044930446 

10.9462366 

1.00000001 

A 

C 

2 

666 

12.990199616 

19.1891892 

0.99999997 

A 

C 

3 

346 

28.1018652 

8.5462428 

0.99999993 

A 

C 

4 

1060 

54.648193149 

8.8561905 

0.99999995 

A 

c 

5 

198 

19.761701822 

6.9696970 

1.00000008 

A 

c 

6 

440 

15.220236827 

13.5477273 

0.99999998 

A 

T 

1 

1568 

144.33121543 

8.1218112 

1.00000008 

A 

T 

2 

931 

40.333376367 

14.8002148 

1.00000008 

A 

T 

3 

304 

13.658605843 

10.2697368 

1.00000011 

A 

T 

4 

713 

20.127307336 

10.5007013 

0.99999997 

A 

T 

5 

64 

7.8560602815 

6.6093750 

1.00000002 

A 

T 

6 

419 

36.416859181 

9.3866348 

0.99999992 

B 

C 

1 

741 

31.329U553 

D.  1619433 

0.99999994 

B 

C 

2 

412 

11.964998314 

14.7014563 

0.99999999 

B 

c 

3 

839 

20.682804433 

9.1361502 

0.99999995 

B 

c 

4 

717 

27.811804462 

8.2566248 

l.OOCOOOOl 

B 

c 

5 

203 

12.19019344 

7.4334975 

1.00000011 

B 

c 

6 

437 

10.838264082 

12.8993135 

1.00000005 

B 

T 

1 

319 

3.7802532841 

14.1159875 

0.99999997 

D 

T 

2 

401 

16.898006415 

10.4%2594 

1.00000002 

B 

t 

3 

485 

9.749560918 

U.  0061856 

.0.99999999 

B 

T 

4 

605 

17.377681944 

9.4280992 

1.00000003 

B 

T 

5 

109 

4.8183951296 

7.532U01 

I.OOOOOCIO 

B 

i 

6 

235 

6.8703727309 

12.0170213 

0.99999996 
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»eiglited  ifiOVA  Csinq  Group 

- gospitai  Pair  =  1 - - 

General  Linear  Hodels  Procedure 
Class  Level  Inforiation 

Class  Levels  Values 

GfiOOP  4  Ci  CB  TX  TB 

wimhor  of  obser/atiocs  in  by  group  =  3558 


Dependent  Variable:  TOTAL 
fei^t:  WT 


- 3— 

Source 

D? 

sua  of 
Squares 

Hean 

Square 

F  Value 

Pr  >  F 

Kodel 

3 

842.235373 

280.745124 

280.75 

O.OOCl 

Error 

3554 

3554.000165 

1.000000 

Corrected  Total 

3557 

4396.235538 

R-Square 

c.v. 

Root  HSE 

TOTAL  Mean 

0.191581 

10.6260? 

1.00000 

9.41082 

Source 

W 

Type  III  SS 

Kean  square 

r  Value 

Pr  >  P 

OtOOP 

3 

842.235373 

280.745124 

280.75 

0,0001 
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«ei(3bte<l  iSOTA  Csinq  Group 
—  Hospital  Pair  =  1  * - 


Mey's  Studentized  Rai^  (BSD)  Test  for  variable;  BAMS 
0.05  Confideace=  0.95  df=  5554  MSE=  9.116294 
Critical  Value  of  Studentized  EaDge=  3.635 
Coi^>atisons  significant  at  the  0.05  level  are  indicated  by  '***'. 

Siiultaneous  Siiultaneous 

Loiier  Difference  Upper 
OiOCP  Confidence  Betaeai  Confid^ice 
Co^iarison  Liiit  Means  Liiit 

Weighted 


TB 

-  TA 

5.83631 

5.99418 

6.152)4 

at 

TB 

-  CB 

0.78193 

0.95404 

1.12616 

ta 

TB 

-  CA 

3.00298 

3.16975 

3.33652 

at 

CB 

-  lA 

4.92555 

5.04013 

5.15471 

a* 

CB 

•  TB 

-1.12616 

-0.95404 

-0.78193 

at 

CB 

-  CA 

2.08914 

2.21571 

2.34227 

tti 

Unweighted 

TB 

-  TA 

5.2108 

5.9942 

6.7775 

at 

TB 

-  CB 

0.1000 

0.9540 

1.8081 

at 

TB 

-  CA 

2.3422 

3.1698 

3.9973 

tii 

CB 

-  TA 

4.4716 

5.0*01 

5.6087 

at 

CB 

-  TB 

-1.8031 

-0.9540 

-0.1000 

ta 

CB 

-  a 

1.5877 

2.2157 

2.8437 

at 
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Beigbtcd  iSOVA  Dsinq  Group 

- Hospital  pair  =  2  — — - - 

Gfineral  Linear  Hodels  Procedure 
aass  Level  Information 

Class  Levels  Values 

cpfaTP  4  Ci  CE  tA  TB 

lhaber  of  observations  in  by  group  =  2410 


D^^ident  Variable: 
Uei^: 

Source 

:  TOTAL 

WT 

DP 

Sui  of 
Squares 

Hean 

Square 

P  Value 

Pr  >  F 

Hodel 

3 

559.893780 

186.631260 

186.63 

0.0001 

Error 

2406 

2406.000110 

1.000000 

Corrected  Total 

2409 

2%5. 893890 

S-Sguare 

c.v. 

Root  KSE 

TOTAL  Mean 

0.188777 

6.851835 

1.00000 

14.5946 

Source 

DP 

Type  III  SS 

Kean  square 

F  Value 

Pr  >  F 

GROOP 

3 

559.893780 

186.631260 

186.63 

0.0001 
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Beiqbted  AHOVA  Csing  Group 
—  Hospital  Pair  =  2  - 


Tukfey's  Studsntized  Raaqe  (BSD)  Test  for  variable:  BAHK 
Alphas  0.05  Confidence=‘  0,95  df=  3554  HS£=  9.116294 
Critic;!  Value  of  Studentized  Raage=  3.635 
Coiparisons  significant  at  the  0.05  level  are  indicated  by  '***' 

Sinultaneous  Siiultaneoas 

Lower  Difference  Dpper 
GROUP  Confidence  Between  Corifidence 
Coiparison  Liiit  Keans  Liait 

Wei^tcd 


TO 

-  TA 

-4.45752 

-4.30396 

-4.15040 

ii* 

TO 

•  CB 

-4.38554 

-4.20520 

-4,02485 

TO 

-  a 

-8.85543 

-8.69293 

-8.53043 

ttt 

CB 

-  TA 

-0.25088 

-0.09876 

0.05336 

CB 

“  TO 

4,02485 

4.20520 

4.38554 

*** 

CB 

-  a 

-4.64887 

-4.48773 

-4.32660 

Unweighted 

TO 

-  TA 

-5.1850 

t 

O 

o 

-3.422'. 

ii* 

TO 

-  TO 

-5.2399 

-4.2052 

-3.1705 

TO 

-  CA 

-9.6253 

-8.6929 

-7.7606 

CB 

-  TA 

-0.9716 

-0,0980 

0.7740 

CB 

-  TO 

3.1705 

4.2052 

5.2399 

CB 

-  a 

-5.4123 

-4.4877 

-3.5632 
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Weighted  iMOVi  Using  Group 

-  Hospital  Pair  =  3  - 

Geueral  Linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

GROUP  *  Ci  CB  TA  TB 

Umber  of  observations  in  by  group  =  1774 


Dep^Kient  Variable: 
Weic^t: 

Source 

;  MIL 

WT 

Df 

Sus  of 
Squares 

Mean 

square 

F  Value 

Pr  >  F 

Model 

3 

57,3569829 

19.1189943 

19.12 

0.0001 

Error 

1770 

1769.999S512 

1.0000000 

Corrected  Total 

1773 

1827.3569341 

R-Square 

C.V. 

Root  MSE 

TOTAL  Mean 

0.031388 

10.66833 

l.OOOOO 

9.37354 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

?r  >  F 

GROUP 

3 

57.3569829 

19.1189943 

19.12 

0.0001 
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lieighted  AHOVA  Osinq  Group 

-  Hospital  Pair  =  3  - 

Mey's  Studentized  Range  (BSD)  Test  for  variable:  BAKK 
Alpha*  0.05  Confidence*  0.95  df*  3554  HSE=  9.116294 
Critical  Value  of  Studentized  Range*  3.635 
Co^isons  significant  at  the  0.05  level  are  indicated  by  '***'. 


Silultaneous 

Silultaneous 

Lower 

Difference 

Upper 

GROUP 

Confidence 

Between 

Confideitte 

Coiparisoo 

Liiit 

Means 

Liiit 

Keigbted 

TB 

-  TA 

0,54834 

0.73645 

0.92456 

T3 

-  CB 

1.71517 

1.87004 

2.02490 

it* 

TB 

-  a 

2.27899 

2.45994 

2.64090 

*** 

CB 

*  TA 

-1.31275 

-1.13359 

-0.95442 

it* 

CB 

-  TB 

-2.02490 

-1.87004 

-1.71517 

*** 

a 

-  a 

0.41827 

0.58991 

0.76154 

a* 

Unweighted 

TB 

-  TA 

-0.3100 

0.7364 

1.7829 

TB 

-  CB 

1.0085 

1.8700 

2.7316 

TB 

-  a 

1.4532 

2.4599 

3.4666 

*** 

CB 

-  TA 

-2.1303 

-1,1336 

-0.1369 

**t 

CB 

-  TB 

-2.7316 

-1.8700 

-1.0085 

i*i 

(B 

-  CA 

-0.3649 

0.5899 

1.5448 
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Weighted  ASOVA  Using  Group 

-  Hospital  Pair  =  4  - 

General  linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

(200P  4  CA  CB  TA  TB 

Buiber  of  observations  in  by  group  =  3085 


Dependent 

Variable;  TOTAL 

Uei^: 

m 

Su>  of 

Mean 

Source 

DF 

Squares 

Square 

F  Value 

Pr  >  F 

Model 

3 

64.3208197 

21.4402732 

21.44 

0.0001 

Error 

3081 

3080.9999057 

1.0000000 

Conected 

Total  3084 

3145.3207254 

R-Square 

C.V. 

Root  MSE 

TOTAL  Mean 

0.020450 

11.01813 

1.00000 

9.07595 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GROUP 

3 

64.3208197 

21.4402732 

21.44 

0.0001 
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Keighted  AHOVA  Gsinq  Gro\$ 
—  Hospital  Pair  =  4  - 


Mey's  studer.tized  Range  (HS))  Test  for  variable:  BASK 
Alphas  0.05  Confidence^  0.95  3554  HSE=  9.116294 

Critical  Value  of  Studentized  Eange=  3.635 
C<^)arisons  significant  at  the  0.05  level  are  indicated  by  '***'. 

Siiultaneous  Siiultaneous 

Loser  Difference  Upper 
GROUP  Confidence  Between  Confidence 
Coiparison  Linit  Means  Liiit 

Keigbted 


TB 

-  TA 

-1.21469 

-1.07260 

-0.93052 

*** 

TB 

-  CB 

1.02957 

1.17147 

1.31338 

TB 

-  CA 

0.44071 

0.57191 

0.70311 

*** 

CB 

-  TA 

-2.38002 

-2.24408 

'2.10813 

tit 

CB 

-  TB 

-1.31338 

-1.17147 

-1.02957 

*** 

CB 

-  CA 

-0.72409 

-0.59957 

-0.47504 

*k* 

Unwei^ted 

re 

-  TA 

-1.8183 

-1.0726 

-0.3269 

tti 

TB 

-  CB 

0.4267 

1.1715 

1.9162 

*** 

TB 

-  CA 

-0.1167 

0.5719 

1.2605 

CB 

-  TA 

-2.9576 

-2.2441 

-1.5306 

*** 

CB 

-  TB 

-1.9162 

-1.1715 

-0.4267 

it* 

CB 

-  CA 

-1.2531 

-0.5996 

0.0540 
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weighted  AHOVA  Using  Group 
—  flosnital  Pair  =  5 - 


General  Linear  Models  Procedure 
Class  Level  Infonation 

aass  Levels  Values 

GROUP  4  Q  CB  TA  TB 


giaher  of  observations  in  by  group  =574 


D^^ent  Variable 

:  TOTAL 

Weight: 

«T 

Sui  of 

Mean 

Source 

DF 

Squares 

Square 

F  Value 

Pr  >  P 

Model 

3 

4.48029291 

1.49343097 

1.49 

0.2153 

Error 

570 

570.00010238 

1.00000018 

Corrected  Total 

573 

574.48039529 

R-Sguare 

C.V. 

Root  HSE 

TOTAL  Mean 

0.007799 

14.09705 

1.00000 

7.09368 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GROUP 

3 

4.48029291 

1.49343097 

1.49 

0.2153 
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Weighted  AHOVA  Csinq  Group 
—  Hospital  Pair  =  5  - 


■hikey's  Studentized  Range  (HSD}  lest  for  variable:  BAIK 
iipha=  0.05  Confidence^  0.06  df=  3554  MSE=  9.116294 
Critical  Value  of  Studentixed  Rang€=  3.635 
Comparisons  significant  at  the  0.05  level  are  indicated  by  '*** 


Simultaneous 

Simultaneous 

Lower 

Differewe 

Upper 

GEOCP 

Confidence 

Between 

Confidence 

Comparison 

Limit 

Means 

Limit 

Weighted 

TB 

-  TA 

0.51697 

0.92274 

1.32850  *** 

TB 

-  CB 

•0.20735 

0.09861 

0.40457 

TB 

*  a 

0.2510 

0.56241 

0.86972  *** 

CB 

•  TA 

0.45475 

0.82412 

1.19350  **» 

CB 

-  TO 

-0.40457 

-0.09861 

0.20735 

CB 

•  CA 

0.20644 

0.46380 

0.72116  *** 

Cnveighted 

TB 

-  TA 

-0.6251 

0.9227 

2.4705 

TB 

-  CB 

-1,0685 

0.0986 

1.2657 

TB 

-  a 

-0.6093 

0.5624 

1.7347 

CB 

-  TA 

-0.5849 

0.8241 

2.2331 

CB 

-  TB 

-1.2657 

-0,0986 

1.0685 

-  CA 

-0.5179 

0.4638 

1.4455 
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Weiq^ted  iSOVA  Using  Group 
—  Hospital  Pair  =  6  - 


General  Linear  Models  Procedure 
Class  Level  Infomation 

Class  Levels  Values 

GBOOP  4  Ci  CB  T>.  TB 

Kuiber  of  observations  in  by  group  =  1531 

D^iQidMt  Variable:  TOTAL 
Beighr;  WT 


Source 

DF 

Sm  of 
Squares 

Kean 

Square 

F  Value 

Pr  >  P 

Model 

3 

23S. 956495 

79.652165 

79.65 

0.0001 

Error 

L527 

1526.999943 

1.000000 

Corrected  Total 

1530 

1765.956438 

E-Square 

C.V. 

Root  USE 

TOTAL  Mean 

0.135313 

9.001275 

1.00000 

11.1095 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GKOCP 

3 

238.956495 

79.652165 

79.65 

O.OOOi 
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Weired  iSCVA  Using  Group 
—  Hospital  Pair  =  6  - 


Takey's  Student! zed  Range  (BSD)  Test  for  variable:  BASK 
Alpha=  0.05  Confi(fcnce=  0.«  df=  3554  HSE=  9.116294 
Critical  Value  of  StiKlentized  Range-  3.635 
CoiparisoDS  significant  at  the  0.05  level  are  indicated  by  '***'. 

Siiultaneous  Siiultaneous 

Lower  Difference  Upper 
<3!00P  Confidence  Between  Confidence 
Conparison  Liiit  Heans  Liiit 

Weighted 


TB 

-  TA 

2.42078 

2.63039 

2.83999 

a* 

■B 

-  CB 

-1.09034 

-0.88229 

-0.67425 

TB 

-  Ca 

-1.73850 

-1.53071 

-1.32291 

*** 

(S 

-  TA 

3.33683 

3.51268 

3.68853 

tit 

CB 

-  TB 

0.67425 

0.88229 

1.09034 

CB 

-  a 

-0.82211 

-0.64841 

-0.47472 

*** 

Dnwei^ted 

TB 

-  TA 

1.5170 

2.6304 

3.7437 

*** 

TB 

-  CS 

-1.9874 

-0.8823 

0.2228 

TB 

-  a 

-2.634. 

-1.5307 

-0.4269 

*** 

C& 

-  TA 

2.5786 

3.5127 

4.4467 

*** 

-  TB 

-0.2228 

0.8823 

1.9874 

CB 

-  Cl 

-1.5710 

-0.6484 

0.2742 

itimmnimmnmmmmminimunmmmmmmmmmmmmiVLmmmnm 
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Puli  iodel  Unuei^ted  A1K5VA 
General  Linear  Hocfeis  Procedure 


Class  Level 

Inforiation 

Class 

Levels 

Values 

iiilHDClK 

2 

A  B 

METnCD 

2 

C  T 

HOS.PAIB 

6 

123466 

Haber  of  observations  in  data  set  =  1M32 


Dependent  Variable: 

BAIK 

Mean 

Sa  of 

Source 

DF 

Squares 

Square 

F  Value 

Pr  >  F 

Hodel 

23 

29749.8395 

1293.4713 

98.20 

0.0001 

Error 

12908 

170020.1905 

U.1717 

corrected  Total 

12931 

199770.0200 

F 

-Square 

C.V. 

Root  HSE 

BAIK  Mean 

0 

.148920 

66.09103 

3.62928 

5.49134 

Source 

DF 

Type  III  SS 

Hean  Square 

F  Value 

Pr  >  F 

KIHOOK 

1 

1203.5068 

1203.5058 

91.37 

0.0001 

METBOD 

1 

44.7228 

44.7228 

3.40 

0.0654 

WHIXW  ♦  HETOD 

1 

30.5442 

30.5442 

2.32 

0.1278 

BOS.PAIR 

5 

11664.9449 

2332.9890 

177.12 

0.0001 

SIHDCfW  *  BOSJAIK 

5 

5436.4372 

1087.2874 

82.55 

0.[X)01 

«ETEOD*fiOS_PAIR 

5 

4357.3315 

871.4663 

66.16 

0.0001 

WIl(IX3«*HmOD*HOS_ 

PAIR  5 

626.3994 

125.2799 

9.51 

0.0001 
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Full  lodel  Cnvieighted  iJK)VA 


Level  of 
HIHQOU 

Level  of 
HEmH) 

Level  of 
H0S_PAIE 

- BAIK- 

B  Mean 

SD 

A 

C 

1 

930 

4.17956989 

2.61547350 

A 

C 

2 

666 

9.87987988 

3.96874829 

A 

c 

1 

346 

6.60693642 

3.75809979 

A 

c 

4 

1050 

4.62095238 

3.12820117 

A 

c 

5 

198 

2.46969697 

2.09S24459 

A 

c 

6 

440 

5.60454545 

4,62960438 

A 

T 

1 

1568 

5.47448980 

3.0306854C 

A 

T 

2 

931 

7.86573577 

3,93170419 

A 

T 

3 

304 

6.649342U 

4.02765189 

A 

T 

4 

713 

5.02945302 

3.62930904 

A 

T 

5 

64 

4.21875000 

2.04294178 

A 

T 

(j 

419 

5.89498807 

2.39785564 

B 

C 

I 

741 

4.31713900 

2.68642039 

B 

c 

2 

412 

6.32524272 

3.84885279 

B 

c 

3 

639 

5.47730829 

5.10753039 

B 

c 

4 

717 

4.18688982 

3.67213514 

B 

c 

5 

203 

3.03940887 

2.49721105 

B 

c 

6 

437 

6.02517162 

5.07664266 

B 

T 

1 

319 

6.97805643 

4.45432086 

6 

T 

2 

401 

4.98004968 

3.49565459 

B 

-  T 

3 

485 

4.34020619 

3.25591197 

B 

T 

4 

605 

4.51404959 

3.90727174 

B 

T 

5 

109 

3.44954128 

•>  50789121 

B 

T 

6 

235 

5.26808511 

4.59659417 

135 


Full  Moclel  Weighted  ASOVA 

Generul  Linear  Itooels  Procedure 
Class  Level  Inforiation 


Class 

Levels 

Values 

WUDDW 

2 

A  B 

H2THM 

2 

C  T 

K>S_PiIR 

6 

123456 

Mmber  of  observations  in  data  set  =  12932 


D^>eiKieiit  Variable:  BAKE 
Bei^t:  «T 


Source 

DF 

Sm  of 
Squares 

Hean 

Square 

F  Value 

Pr  >  F 

Hockl 

23 

2482.54969 

107.93694 

107.95 

0.0001 

Error 

Corrected  Total 

12908 

12931 

12906.89755 

15389.44724 

0.99991 

B-Square 

C.V. 

Boot  HSE 

BAliK  Mean 

0-161315 

19.37713 

0.999% 

5.16050 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

WIIDOH 

1 

104.401033 

104.401033 

104.41 

0.0001 

HET80D 

1 

3.879586 

3.879586 

3.88 

0.0489 

KIXDON  *  METftX) 

1 

2.64%27 

2.649627 

2.65 

0.1036 

BOS_PAIB 

5 

997. 4951]  4 

199.499023 

199.52 

0.0001 

WIIDOS  *  ttOS.PAIB 

5 

385.568349 

77.113670 

77.12 

0.0001 

Hi:ma)*Bos_pnit 

5 

315.248684 

63.049737 

63.06 

0.0001 

WI8IXW*MEIS)D*80S_PAIR 

5 

46.320035 

9.264007 

9.26 

0.0001 
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Level  of  Level  of 
M.iFTEB  MET®® 


I 

I 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

6 


C 

C 

C 

C 

C 

C 

T 

T 

T 

T 

T 

T 

C 

C 

C 

C 

C 

c 

T 

T 

T 

T 

T 

T 


Ml  Model  Sei^ted  ASOVA 


General  Linear 

Models  Procedure 

Level  of 

Sa  of  — 

- bamk- 

H0S_PAIR 

M 

Wei^its 

Mean 

1 

930 

135.94503728 

4.17956989 

2 

666 

42.283029649 

9.87987988 

3 

346 

24.499044x12 

6.60693642 

4 

1050 

107.29613734 

4.62095238 

5 

198 

44.969339087 

2.46969697 

6 

440 

20.529090655 

5.60454545 

1 

1568 

170.71311922 

5.47448980 

2 

931 

60.227713805 

7.86573577 

3 

304 

18.739982739 

6.54934211 

4 

713 

54.129972669 

5.02945302 

5 

64 

15.333013896 

4.21875000 

6 

419 

72.869565217 

5.89498807 

1 

741 

102.67424137 

4.31713900 

2 

412 

27.81152%34 

6.32524272 

3 

639 

24.494959175 

5.47730829 

4 

717 

53.170189099 

4.18688932 

5 

203 

32.547699214 

3.03940887 

6 

437 

16.956386776 

6.02517162 

1 

319 

16.074577979 

6.97805643 

2 

401 

32.815057283 

4.98004988 

3 

485 

45.750400906 

4.34020619 

4 

605 

39.627955721 

4.51404959 

5 

109 

8.8581877286 

3,44954128 

t 

235 

11.089090223 

5.26808511 

SD 

0.W997819 

0.99999883 

1.00001112 

0.99998174 

0.99995802 

1.00000552 

1.00000294 

1.00000963 

0.99999938 

0.9999956C 

0.99995341 

0.9999749? 

0.99998992 

0.99998879 

0.99999745 

0.99998430 

0.S9992488 

1.000005R3 

1.00C01081 

0.99998367 

0.99999824 

0.99999255 

1.00001222 

0.99850487 
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itei^ted  iUOVA  tjsinq  Group 


General  Linear  Models  Procedure 
Qass  Level  Irionation 

Class  Levels  Values 

GRDDP  <  CA  CB  fA  TB 

Smber  of  observations  in  by  group  =  3558 


Dependent  Variable; 
ttei^t: 

Source 

BAKE 

Wt 

DF 

Sun  of 
Squares 

Mean 

Square 

F  Value 

Pr  >  F 

Model 

3 

229.567219 

76.522406 

76.52 

0.0001 

Error 

3554 

3553.918153 

0.999977 

Corrected  Total 

3557 

3783,485372 

R-Square 

C.V. 

Root  MSE 

BAKE  Mean 

0.060676 

20.66877 

0.99999 

4.83816 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GEOOP 

3 

229.567219 

76.522406 

76.52 

0.0001 
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Wejcjhted  AllOVA  Usinq  Group 

Tukev's  Studentized  Range  (HSD)  Test  for  variable:  BASK 
ilpba=  0.05  Confidence=  0.95  df=  3554  HSE=  9.116294 
critical  Value  of  Student! zed  RajK3e=  3.635 
Coiparisons  significant  at  the  0.05  level  are  indicated  by  '***'. 


Sinultaneous  Siiultaneous 

Letter  Difference  Upper 


GROQP 

ConfideiKze 

Between 

Confidence 

Coiparison 

Liiit 

Means 

Lint 

Hei^ted 

TB 

-  TA 

1.34568 

1.50357 

1.66146 

tii 

TB 

-  CB 

2.48878 

2.66092 

2.83306 

tit 

TB 

-  CA 

2.63169 

2.79849 

2.96528 

tit 

CB 

-  TA 

-1.27195 

-1.15735 

-1.04276 

tit 

CB 

-  TB 

-2.83306 

-2.66092 

-2.48878 

ttt 

(B 

-  a 

0.01099 

0.13757 

0.26415 

itt 

Unweighted 

TB 

-  TA 

1.0269 

1.5036 

.9802 

tt* 

TB 

-  CB 

2.1412 

2.6609 

.1506 

ttt 

TB 

-  CA 

2.2950 

2.7985 

3.3020  . 

tit 

CB 

-  TA 

-1.5033 

-1.1574 

-0.8114 

tit 

CB 

-  TB 

-3.1806 

-2.6609 

-2.1412 

tit 

CB 

-  CA 

-0.2446 

0.1376 

0.5197 
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Weighted  IMOVA  Using  Group 

_ BOS.Pm  - - 

General  Linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

GROUP  4  CA  CB  TA  TB  _ 

Ruiber  of  observations  in  by  group  =  2410 


Dependent  Variable:  BAMK 

Kci#t*  «T 

Sua  of  Mean 


Source 

DF 

Squares 

Square  P  Value 

Pr  >  F 

Model 

3 

493.976030 

164.658677  164.66 

O.CO'.I 

Error 

2406  2405.994079  0.999998 

Corrected  Total  2409 

2899.970109 

S-Square 

C.V. 

Root  USE 

BAKE  Mean 

0.170338 

13.25433 

1.00000 

7.54470 

Source 

DF 

Type  III  SS 

Mean  Square  F  Value 

Pr  >  F 

GRCXJP 

3 

493.976030 

164.658677  164.66 

0.0001 
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Weighted  iSOVA  Dsing  Group 
-  aoS.PAIR  =2  - 


Tukey's  Studeutized  Range  (BSD)  Test  for  variable:  BANK 
Alpha=  0.05  Confi(lence=  0.95  df=  3554  HSE=  9.116294 
Critical  Value  of  Student! zed  Ranges  3.635 
Coiparisons  significant  at  the  0.05  level  are  indicated  by.'***'. 


SiBultaneous 

Siiultaneous 

Louer 

Difference  Upper 

GROOP 

Confidence 

Between  Confidence 

Coiparison 

Lioit 

Heans  lisit 

Weighted 

TB 

-  TA 

-3,03925 

-2.88569 

-2.73213 

Hci 

TB 

-  CB 

-1.52554 

-1,34519 

-1.16485 

it* 

TB 

-  a 

-5.06233 

-4.89983 

-4.73733 

a* 

CB 

-  TA 

-1.69261 

-1.54049 

-1.38837 

*t* 

CB 

-  TB 

1.16485 

1.34519 

1.52554 

CB 

-  a 

-3.71677 

-3.55464 

-3.39350 

*** 

Unweighted 

TB 

-  TA 

-3.4782 

-2.8857 

-2.2931 

*** 

TB 

-  CB 

-2.0411 

-1.3452 

-0.6493 

*** 

TB 

-  a 

-5,5269 

-4.8998 

-4.2728 

*** 

CB 

-  TA 

-2.1275 

-1.5405 

-0.9535 

tii 

CB 

-  TB 

0.6493 

1.3452 

2.0411 

CB 

-  CA 

-4.1764 

-3.5546 

-2.9328 
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tteiqhted  ASOVA  Osiag  Group 

- - - HOS.PAIR  =3 - 

General  Linear  Models  Procedure 
Class  Level  Lnfonation 

Class  Levels  Values 

GBOOP  4  a  C3  TA  TB 

Miaber  of  observations  in  by  group  =  1774 


Dependent  Variable 

:  BAHK 

Uei^; 

W 

Sui  of 

Mean 

source 

DF 

Squares 

Square 

F  Value 

Pr  >  F 

Model 

3 

111.794837 

37.264946 

37.26 

0.0001 

Error 

1770 

1770.002335 

1.000001 

Corrected  Total 

1773 

1881.797172 

R-Square 

C.V. 

Root  HSE 

BAMK  Mean 

0.05S409 

18.38309 

1.00000 

5.43979 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

ORDOP 

3 

111.794837 

37.264946 

37.26 

0.0001 
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tteigfcted  ABOVA  Using  Group 


- BOSJAIR  =3  — 

Siiultaneous 

Siiultaneous 

GKSIP 

Lower 

Confidence 

Difference 

Between 

Upper 

Confidence 

C(Mipaiison 

Liiit 

Means 

Liiit 

ra 

-  TA 

-2.39725 

Heiqbted 

-2.20914  -2.02103 

Hit 

TO 

-  TO 

-1.29196 

-1.13710 

-0.98224 

*** 

TO 

-  a 

-2.44769 

-2.26673 

-2.08577 

*** 

CB 

-  TA 

-1.25120 

-1.07203 

-0.89287 

*** 

CB 

•  TO 

0.98224 

1.13710 

1.29196 

it* 

(2 

-  CA 

-1.30127 

-1.12963 

-0.95799 

titi 

TO 

-  TA 

-3.0035 

unweighted 

-2.2091  -1.4148 

Hi 

TO 

-  TO 

-1.7910 

-1.1371 

-C.4832 

hi* 

TO 

-  CA 

-3.0309 

-2.2667 

-1.5026 

Hi 

TO 

-  TA 

-1.8286 

-1.0720 

-0.3155 

Hx 

TO 

-  re 

0.4832 

1.1371 

1.7910 

Hi 

TO 

-  CA 

-1.8544 

-1.1296 

-0.4048 

Hi 
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Wei^ted  ASOVA  Using  Groi;^) 

- HOSJAIR  =4 - 

General  Linear  Rodels  Procedure 
Class  Level  Infonatioc 

Class  Levels  Values 

GROOP  4  CA  (S  TA  TB 

Hiaber  of  observations  in  by  group  =  3085 
D^dent  Variable;  BJJK 

tfei^:  «7 


Source 

DP 

Sm  of 
Squares 

Mean 

Square 

F  Value 

Pr  >  F 

Model 

3 

19.3970047 

6.4656682 

6.47 

0.0002 

Error 

3081 

3080.9239324 

0,9999753 

Corrected  Total 

3084 

3100.3209371 

R-Square 

c.v. 

Root  USE 

BANK  Mean 

0.006256 

21.73657 

0.99999 

4.60048 

source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GliOOP 

3 

19.3970047 

6.4656682 

6.47 

0.0002 
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Weighted  AKOVA  Osiag  Group 
- mjm  =4 - 


rukey's  Studentized  Range  (BSD)  Test  for  variable:  BAM 
Alphas  0.05  Confidences  0.95  dfs  1554  HSEs  9.116294 
Critical  Value  of  Studentized  Ranges  3.635 
CoiparisoBs  significant  at  the  0.05  level  aie  indicated  by  '**» 


Siiultaneous  Sinultaneous 


Lc«er 

Difference 

Upper 

GBOOP 

Confidence 

Beb<een 

Confidence 

CcaparisoQ 

Lisit 

Means 

Liiit 

Weighted 

TO 

-  Ti 

-0.65748 

-0.51540 

-0.27232 

TO 

*  CB 

0.18526 

0.32716 

0.46906 

TO 

-  a 

-0.21810 

-0.10690 

0.02430 

CS 

-  TA 

-0.97851 

-0.84256 

-0.m62 

**i 

CB 

-  TB 

-0.46906 

-0.32716 

-0.18526 

tit 

CB 

-  a 

-0.55859 

-0.43406 

-0.30953 

i*i 

Cnweighted 

TB 

-  TA 

-1.0178 

-0.5154 

-0.0130 

Hi 

re 

-  (B 

-0.1746 

0.3272 

0.C2S9 

TB 

-  CA 

-0.5708 

-0.1069 

0.3570 

CB 

-  TA 

-1.3233 

-0.8426 

-0.3619 

Hi 

CB 

-  TB 

-0.8289 

-0.3272 

0.1746 

CB 

-  a 

-0.8744 

-0.4341 

0.0063 

145 


Kei^ted  AHOVA  Osing  Gro)^ 
- BOS.PAIK  =6 - 


General  Linear  Hodels  Procedure 
Class  Level  Inforiation 

Class  Levels  Valites 

GROCP  4  a  CB  TA  TO 


lhaber  of  obsenations  in  by  group  =  574 


Dependent 

Variable:  BASK 

Keig^it: 

m 

Sun  Of 

Mean 

Source 

DP 

Squares 

Square 

F  Value 

Pr  >  F 

Model 

3 

37.2618212 

12.4206071 

12.42 

0.0001 

Error 

570 

569.9498849 

0.9999121 

Corrected 

Total  573 

607.2117061 

R-Square 

C.V. 

Root  MSE 

BAKE  Mean 

0.061365 

33.32045 

0.99996 

3.00103 

Source 

DP 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

G800P 

3 

37.2618212 

12.4206071 

12.42 

0.0001 
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Wei^ted  AMOVi  Usii^  Group 
- BOSJilK  =5 - 


Mey's  Studentized  Range  (ESD)  Test  for  variable:  BilK 
Alpha=  0.05  Confidence=  0.%  df=  3554  HSE=  9.U6294 
Critical  Value  of  Studentized  Ranges  3.635 
Co^iarisons  significant  at  the  0.05  level  are  indicated  by  '** 


Siwltaneous 

Silultaneous 

Lower 

Difference 

Upper 

(a!£»JP 

Confidence 

Between 

Confidence 

Coiparison 

Liiit 

Means 

Liiit 

Weighted 

IB 

•  Ti 

'1.17495 

'0.76921 

-0,36346 

*** 

TB 

'  (B 

0.10418 

0,41013 

0.71608 

*** 

TB 

-  a 

0.67255 

0.97984 

1.28714 

Irkt 

OB 

-  TA 

'1.54870 

*1,17934 

-0.80998 

*** 

CB 

•  TB 

'0.71608 

-0.41013 

-0.10413 

CB 

•  a 

0.31236 

0.56971 

0.82706 

*** 

Unweighted 

TB 

-  TA 

*1.8056 

-0.7692 

0.2672 

TB 

-  CB 

-0.3714 

0.4101 

1.1916 

TB 

-  CA 

0,1949 

0.9798 

1.7648 

*** 

CB 

-  TA 

-2.1228 

-1.1793 

-0.2358 

CB 

-  re 

-1.1916 

-0.4101 

0.3714 

CB 

-  a 

-O.C877 

0.5697 

1.2271 
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Neighted  ANOVA  Dsiog  Group 

- ROS.PAlfi  =6 - 

General  linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

GBOOP  <  CA  <S  Ta  TB 

ihndier  of  observations  in  by  group  =  1531 


Dependent  Variable:  BAffi 
Heigbt:  UT 


Source 

DF 

Sui  of 
Squares 

Meat 

Square 

F  Value 

Model 

3 

5.43328925 

1.81109642 

1.81 

Error 

1527 

1526.2897786 

0.99953489 

Corrected  Total 

1530 

1531.7230678 

R-Square 

C.V. 

Root  MSE 

0.003547 

17.21711 

0.99977 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

GRODP 

3 

5.43328925 

1.81109642 

1.81 

Pr  >  F 
0.1430 

BAMX  Mean 
5.805S3 

Pr  >  F 
0.1430 
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Bei^ted  AKOVA  Using  Croup 


- HOSJAIR  =6 


Mey's  Studentized  Range  (HSD)  Test  for  variable:  BAiK 
Alpb^  0,05  Confi(ieilce=  0.95  df=  3554  HSE=  9.116294 
Critical  Value  of  Studentized  8ange=  3.635 
Coiparistms  significant  at  the  0.05  level  are  indicated  by  '*** 

Simltaneous  Siiultaneous 


[iover 

Difference 

Upper 

GROUP 

Confidence 

Between 

Confidence 

Coiparison 

Liiit 

Means 

Liiit 

Wei^ted 

TB 

-  TA 

-0.83646 

-0.62690 

-0.41735 

B 

-  CB 

-0,96508 

-0.75709 

-0.54909 

*** 

TB 

-  CA 

-0,54421 

-0.33646 

-0.12871 

CB 

-  TA 

-0.04562 

0.13018 

0.30599 

a 

-  TB 

0.54909 

0.75709 

0.96508 

CB 

-  a 

0,24697 

0.42063 

0.59428 

*** 

Unweighted 

TB 

-  TA 

-1.5243 

-0.6269 

0.2705 

ra 

-  G 

-1.6479 

-0.7571 

0.1337 

TB 

-  a 

-1.2262 

-0.3365 

0.5532 

CB 

-  TA 

-0.6227 

0.1302 

0.8831 

G 

-  TB 

-0.1337 

0.7571 

1.6479 

G 

-  a 

-0.3231 

0.4206 

1.1643 
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Full  lodel  Dotfeigbted  AMOVA 


Geaieral  Linear  Kcxiels  Pro«<ia:e 


Class  Level 

Inforsation 

Class 

Levels 

Values 

HUDOK 

A 

1. 

A  B 

KETOOD 

2 

C  T 

iOSJAlR 

6 

123456 

jhaber  of  observations  in  data  set  =  12932 


Dependent  Variable: 

;  SHIP 

Sui  of 

Mean 

Pr  >  F 

Source 

DF 

Squares 

Square  P  Value 

Model 

23 

56708.3524 

2465.5805  225.75 

O.OMl 

Error 

12908 

140980.6413 

10.9220 

Corrected  Total 

12931 

197688.9937 

B-Square 

C.V. 

EOOt  USE 

SHIP  Mean 

0.286856 

60.08037 

3.30484 

5.60070 

Source 

DF 

Type  III  SS 

Kean  square  F  value 

Pr  >  F 

VISDOU  1 

KETBOO  1 

SIHDOB  *  HETBQD  1 

EOS_PAIR  5 

HWttW  »  BOSJAIi  5 

l(ET»»*tt3S_PAIR  5 


)fIHI)0«*METa(»*80S_PAIE  5 


1901. %19 
1672.2247 
1054.4363 
18167.0099 
7991.3169 
12101.6042 
1966.8785 


1901.9619 

174.14 

O.OWl 

1672.2247 

153.11 

0.0001 

1054.4363 

96.54 

0.0001 

3633.4020 

332.67 

0.0001 

1598.2634 

146.33 

0.0001 

2420.3208 

221.60 

0.0001 

393.3757 

36.02 

0.0001 
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Full  lodel  Onueighted  AHOVA 


General  Linear  Models  Procedure 


Level  of  Level  of  Level  of 
BODOfi  KETBOD  HOS.PMR 


i  C  1 
i  C  2 
A  C  3 
A  C  4 
A  C  5 
A  C  6 
ATI 
A  T  2 
A  T  3 
A  T  4 
A  T  5 
A  T  6 
B  C  1 
B  C  2 
B  C  3 
B  C  4 
B  C  5 

B  C  6 

B  T  1 
B  T  2 
B  T  3 
B  T  4 
B  T  5 
B  T  6 


•SBIP- 


s 

Mean 

530 

6.76666667 

666 

9.30930931 

346 

1.93930636 

1050 

4.23523810 

198 

4.50000000 

440 

7.94318182 

1568 

2.64732143 

931 

6.93447905 

304 

3.72039474 

713 

5.47124825 

64 

2.39062500 

419 

3.49164678 

741 

8.84480432 

412 

8.37621359 

639 

3.65884194 

717 

4.06973501 

203 

4.39408867 

437 

6.87414188 

319 

7.13793103 

401 

5.5162094S 

485 

6.66597938 

605 

4.91404959 

109 

4.08256881 

235 

6.74893617 

SD 

3.75176552 

5.08931983 

1.76907856 

2.61602020 

1.79889983 

3.21073780 

2.08681532 

2.83962045 

2.47977532 

4.01081064 

1.76038585 

2.63338920 

3.56733539 

3.92344221 

1.78448009 

2.46498191 

2.41126985 

2.68877969 

6.70912526 

2.83467134 

5.18896809 

3.19289634 

2.27355343 

3.45680750 
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Full  Kodei  Beighted  iHOVA 


General  Linear  Models  Procedure 


Qass  Level 

InforBdtion 

Class 

Levels 

Values 

WDtDCW 

2 

A  B 

HET20D 

2 

C  T 

HOS.PAIS 

6 

123456 

Siaber  of  obsenatiwis  in  data  set  =  12932 


Dependent  Variable;  SHI? 
Weight:  W 


Sui  of 

Mean 

Source 

DF 

Squares 

Square 

F  Value 

Pr  >  F 

Model 

23 

6624.28884 

288.01256 

288.01 

0.0001 

Error 

12908 

12907.94710 

1.00000 

Corrected  Total 

12931 

19532.23594 

E-sguare 

c.v. 

Root  HSE 

SHIP  Kean 

0.339146 

22.06783 

1.00000 

4.53146 

Source 

DF 

Ti-pe  III  ss 

Kean  Square 

F  Value 

Pr  >  F 

BIRDOK 

1 

2U.  45944 

211.45944 

ai.46 

0.0001 

METHOD 

1 

185.91734 

185.91734 

185.92 

0.0001 

MIIBOB  *  METHOD 

1 

117.23185 

117.23185 

117.23 

0.0001 

HOSJAIR 

5 

1659.81468 

331.96294 

331.96 

O.OCOl 

BIIDOB  *  HOSJAIR 

5 

493.32944 

98.66589 

98.67 

0.0001 

HEraOD*SDS_PAIR 

5 

982.55168 

196.51034 

196.51 

0.0001 

WIin)OB*METKD*^_PAlR 

5 

175.16677 

35.03335 

35.03 

C.OOOl 
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Ml  Model  weighted  AKOVA 


Level  of  Level  of  Level  of 
BE_AFTEE  HPTHOD  B0G_PAIE 


gyjj  Qf - SHIP' 

Weights  Mean 


A 

A 

A 

A 

A 

A 

\ 

44 

A 

A 

A 

A 

f 

B 

B 

B 

B 

B 

B 

B 

B 

B 

6 

B 

B 


t 

C 

C 

c 

c 

M 

i 

T 

T 

m 

A 

T 

T 

C 

C 

c 

c 

c 

c 

T 

T 

T 

T 

T 

■T 


2 

3 

4 

5 

6 
1 
2 

3 

4 

5 

6 
1 

2 

•) 

w 

4 

B 

6 

1 

2 

3 

4 

5 

6 


930 

66,069906223 

6.76666667 

666 

25.713292923 

9,30930931 

346 

110.54313099 

1.93930636 

1050 

153.41905319 

4.23523810 

198 

61.186650185 

4.50000000 

440 

42.681152391 

7.94318182 

1568 

360.04592423 

2.64732143 

931 

115.46570755 

6.93447906 

304 

49.43893316 

3. -'2039474 

713 

44.324257118 

5.47124825 

64 

20.651323169 

2.39062500 

419 

60.418168709 

3.49164678 

741 

53.227251297 

8.84480432 

412 

26.76541285 

8.37621359 

639 

200.69095477 

3.65884194 

717 

■ *8.00526662 

4.06973501 

203 

j-i. 915720674 

4.39408867 

437 

60.442S00277 

6.87111188 

319 

7.0869990225 

7.13793103 

401 

49.90665837 

5.51620948 

485 

18.012999071 

6.66597938 

605 

59.342815105 

4.91404959 

109 

21.087250919 

4.08256881 

235 

19.685271967 

6.74893617 

SD 

0.99999093 
1.00000340  - 
0.99994232 
0.99996798 
1.00000627 
0,99999211 
0.99997683 
1.00002755 
1.00002323 
1.00001871 
0.99999328 
0.99998116 
0.99999535 
1.00001295 
1.00005797 
1.00001118 
1.00001912 
0.99996793 
1.000004C2 
1.00002250 
1.00000724 
0.99997975 
1.00000437 
0.99997984 
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Weighted  AITOVA  Using  Group 
-  HOS.PAIR  =1  - 


General  Linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

G80CP  4  CA  CB  TA  TB 

Kmber  of  observations  in  by  group  =  355B 


Dependent  Variable:  SHIP 
Weight:  W 


Source 

DF 

Sun  of 
Squares 

Mean 

Square 

F  Value 

Pr  >  F 

Model 

3 

2601.01906 

867.00635 

867.03 

0.0001 

Error 

3554 

3553.90620 

0.99997 

Corrected  Total 

3557 

6154.92526 

R-Square 

C.V. 

Root  MSE 

SHIP  Mean 

0.422591 

2;. 99833 

0.99999 

4.00021 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GROUP 

3 

2C01.01906 

867.00635 

867.03 

0.0001 
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Weighted  ASOVA  Csing  Group 

Tukey's  Studentized  Raiige  (BSD)  Test  for  variable:  BANK 
Alpba=  0.05  ConfideDce=  0.95  df=  3554  HSE=  9.116294 
Critical  Value  of  Studentized  Eange^^  3.635 
Cosparisons  significant  at  the  0.05  level  are  indicated  by  '*** 


Siiultaneous 

Siaultaneous 

Lower 

Difference 

L’pper 

GfiCKIP 

Confidence 

Between 

confidence 

CotparisoD 

Liait 

Means 

Liait 

Wei^ted 

TB 

-  TA 

4.33274 

4.49061 

4.64348 

Hi 

TB 

-  CB 

-1.87999 

-1.70687 

-1.53476 

*** 

TB 

-  CA 

0.20450 

0.37126 

0.53803 

hit 

CB 

-  TA 

6.08291 

6.19748 

6.31206 

it* 

CB 

-  TB 

1,53476 

1.70687 

1.87899 

at 

05 

-  CA 

1.95157 

2.07814 

2.20470 

ttt 

Dnweighted 

TB 

-  TA 

3.9375 

4.4906 

5.0437 

tti 

TB 

-  G 

-2.3099 

-1.7069 

-1.1038 

tkf 

TB 

-  CA 

-0.2131 

0.3713 

0.9556 

CB 

-  TA 

5.7960 

6.1975 

6.5989 

hit 

CB 

-  TB 

1.1038 

1.7069 

2.3099 

*** 

G 

-  a 

1.6347 

2.0781 

2.5216 

tit 
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»ei(^ted  iHOVA  Using  Group 

-  a0S_PiI8  =2  - 

General  Linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Valu^ 

GKODP  4  a  CB  TA  TB 

Umber  of  observations  in  by  group  =  2410 


Dependent  Variable:  SHIP 
Height:  W 


Source 

DF 

Sui  of 
Squares 

Mean 

Square 

F  value 

Model 

3 

297.213038 

99.071013 

99.07 

Error 

2406 

2406.084426 

1.000035 

Corrected  Total 

2409 

2703.297464 

R-Square 

C.V. 

Root  HSE 

0.109945 

14.15050 

1.00002 

Source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

GROUP 

3 

297.213038 

99.071013 

99.07 

Pr  >  F 
0.0001 

SHIP  Mean 
7.06701 

Pr  >  F 
0.0001 
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Weighted  ABOVA  Osiwj  Group 

Mey's  Stu(Jenti:ed  Range  (BSD)  Test  for  variable:  BAMK 
Alpha=  0.05  Confidence^  0.95  df^  3554  MSE=  9.116294 
Critical  Value  of  Studentired  EaDg€=  3.635 
Coiparisons  significant  at  the  0.05  level  are  indicated  by  '*** 

Siiultaneous  Siaultaneous 

Lower  Difference  Upper 
($00P  Confidence  Between  Confidence 
Coi^ison  Liiit  Means  Liiit 

iieighted 


TB 

-  TA 

-1.57183 

-1.41827 

-1,26471 

ft* 

TB 

-  CB 

-3.04035 

-2.86000 

-2.67966 

it* 

TB 

-  CA 

-3.95560 

-3.79310 

-3.63060 

itit 

CB 

-  TA 

1.28961 

1.44173 

1.59386 

*ii 

CB 

-  TB 

2.67%6 

2.86«)0 

3.04035 

CB 

'  CA 

-1.09424 

-0.93310 

-0.77196 

Unweighted 

TB 

-  TA 

-1.9978 

-1.4183 

-0.8388 

TB 

-  CB 

-3.5406 

-2.8600 

-2.1794 

*** 

TB 

-  CA 

-4.4063 

-3.7931 

-3.1799 

tit 

CB 

-  TA 

0.8677 

1.4417 

2.0158 

ttt 

CB 

-  TB 

2.1794 

2.8600 

3.5406 

ttt 

CB 

-  CA 

-1.5412 

-0.9331 

-0.3250 

ttt 
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Weighted  AHOVi  Dsing  Group 


- BOSJAIR  =3 - 

General  Linear  Models  Procedure 
Class  Level  Infotiation 


Class 

Levels  Values 

GROOP 

4  CA 

CB  TA  TB 

Dependent 

Wei^: 

Variable:  SHL® 

OT 

Source 

DF 

Sm  of 
Squares 

Mean 

Square 

F  Value 

Pr  >  F 

Model 

3 

443.309061 

147.769687 

147.77 

0.0001 

taor 

1770 

1770.055262 

1.000031 

Corrected  Total  1773 

2213.364324 

R'Square 

C.V. 

Root  HSE 

SHIP  Mean 

0.200287 

30.23054 

1.00002 

3.30797 

Source 

DF 

Type  III  SS 

Kean  Square 

F  Value 

Pr  >  P 

GROUP 

3 

443.309061 

147.769687 

147.77 

0.(X)01 
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Weighted  ASOVi  Dsinq  Group 

Tukey's  Studentized  Range  (HS))  Test  for  variable:  BAUX 
Alp!ia=  0.05  Confidence^  0.95  df=  3554  HSE=  9.116294 
Critical  Value  of  Studentized  Ran(^  3.635 
Co^>arisons  significant  at  tbe  0.05  level  are  indicated  by  '*** 


Silultaneous 

Silultaneous 

Lower 

Difference 

Upper 

GROOP 

Confidence 

Between 

Confidence 

C(«pari30E 

Liiit 

Means 

Liiit 

Weighted 

TB 

-  n 

2.75747 

2.94558 

3.13370 

i** 

TB 

-  CB 

2.85227 

3.00714 

3.16200 

tit 

TB 

'  CA 

4.54571 

4.72667 

4.90763 

it* 

CB 

*  TA 

-0.24072 

-0.06155 

0.11761 

CB 

-  TB 

-3.16200 

-3.00714 

-2.85227 

ttt 

CB 

•  CA 

1.54790 

1.71954 

1.89118 

tti 

Unweighted 

TB 

-  TA 

2.3456 

2.9456 

3.5456 

iti 

TB 

-  CB 

2.5132 

3.0071 

3.5011 

tti 

TB 

■  -  CA 

4.1495 

4.7257 

5.3038 

tii 

CB 

*  TA 

-0.6330 

-0.0616 

0.5099 

CB 

-  TB 

-3,5011 

-3.CK)71 

-2.5132 

tii 

CB 

-  CA 

1.1721 

1.7195 

2.2670 

tti 

159 


Veiled  iMOVA  Osisg  Group 
-  lOS  PAIE  =4  - 


General  Linear  Models  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

GBODP  4  CA  (B  TA  TB 

Umber  of  observations  in  by  group  =  30S5 

Dependent  Variable;  ^IP 
Hei^t:  NT 


Source 

DF 

Sm  of 
squares 

Mean 

Square 

F  Value 

Pr  >  F 

Model 

3 

83.0796030 

27.6932010 

27.69 

0.0001 

Error 

3081 

3080.9509997 

0.9999841 

Corrected  Total 

3084 

3164.0306027 

R-Square 

C.V. 

Root  HSE 

SHIP  Mean 

0.026258 

22.53949 

0.99999 

4.43662 

source 

DF 

Type  III  SS 

Mean  Square 

F  Value 

Pr  >  F 

GMXJP 

3 

83.0796030 

27.6932010 

27.69 

0.0001 
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iteighted  ASOVA  tJsing  Group 
-  HDS  PAIR  ^4  - 


Tulcey's  Studentized  Range  (HSD)  Test  for  variable:  BASK 
ilpha=  0.05  Confidence^  0.%  df=  3554  MSE=  9.U6294 
Critical  Value  of  Studentized  Range=  3.635 
CMparisons  significant  at  the  0.05  level  are  indicated  by 


Siaultaneous 

Silultaceous 

Louer 

Difference 

Dpper 

GROOP 

Confidence 

Bet»ees 

Confidence 

Coiparison 

Liiit 

Means 

Unit 

Weighted 

TB  -  TA 

-0.69928 

-0.55720 

-0.41512 

TB  -  CB 

0.70241 

0.84431 

0.98621 

TB  -  CA 

0,54761 

0.67881 

0.81001 

Ce,  -  TA 

-1.53746 

-1.40151 

-1.2S557 

CB  -  TB 

-0.98621 

-0.84431 

-0.'’0241 

*1cit 

CB  *  CA 

-0.29003 

-0.16550 

-0.04097 

Unveighted 

TB  -  TA 

-0.9942 

-0.5572 

-0.1202 

TB  -  CB 

0.4079 

0.8443 

1.2807 

kiti 

TB  -  a 

0.2753 

0.6788 

1.0823 

ktk 

CB  -  TA 

-1.8196 

-1.4015 

-0.9834 

CB  -  TB 

-1.2807 

-0.8443 

-0.4079 

Hi 

CB  -  CA 

-0.5485 

-0.1655 

0.2175 
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iteiglitsd  ABOVA  Using  Group 
- fiOS  PAIR  =5 - 


General  Linear  Hodais  Procedure 
Class  Level  Infonation 

Class  Levels  Values 

GBJXJP  4  CA  CB  TA  TB 

Suiber  of  observations  in  by  group  =  57i 


Dependent  Variable: 

saip 

Seiglit: 

8T 

Sm  of 

Hear. 

Source 

DF 

Squares 

Square 

?  Value 

Pr  >  P 

Hodel 

3 

73.1537033 

24.3S45678 

24.38 

0.0001 

Error 

570 

570.010:;932 

1.0000131 

Conected  Total 

573 

643.1639965 

R-Square 

C.V. 

Root  HSE 

SHIP  Kean 

0.113740 

24.43051 

1.00001 

4.09328 

Source 

DF 

Type  Hi  SS 

Hean  Square 

F  Value 

Pr  >  F 

GKfflP 

J 

73.1537033 

24.3845678 

24.38 

0.0001 
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Weighted  AKOVA  Using  Group  19 

14:23  Tuesday,  August  3,  1993 

- aOS.PilR  - - 

Mey's  Studeotized  Range  (BSD)  Test  for  variahle:  BASK 
Alpha=  0.05  Confidence=  0.95  df=  3554  HSE=  9.116294 
Critical  Value  of  Studentized  Ranges  3.635 
CMparisons  significant  at  the  0.05  level  are  indicated  by  '***'. 

SiMiltaneous  Sinultaneous 

Lower  Difference  Cp^cr 
®OOP  confidence  Between  Confidence 
Coi^ison  Liiit  Means  Liiit 


lighted 


TB 

-  n 

1.28618 

1.69194 

2.09771 

*** 

TB 

-  ® 

-0.61748 

-0.31152 

-0.00555 

TB 

-  a 

-0.72474 

-0.41743 

-0.11012 

CB 

-  TA 

1.63408 

2.00346 

2.37284 

*** 

CB 

-  TB 

0.00555 

0.31152 

0.61748 

tit* 

CB 

-  CA 

-0.36328 

-0.10591 

0.15145 

CDweiqhted 

TB 

-  TA 

0.8311 

1.6919 

2.5528 

ttt 

TB  ■ 

-  CB 

-0.9606 

-0.3115 

0.3376 

TB 

-  a 

-1.0694 

-0.4174 

0.2345 

CB 

-  TA 

1.2198 

2.0035 

2.7871 

tti 

CB 

-  TB 

-0.3376 

0.3115 

0.9606 

CB 

-  CA 

-C.6519 

-0.1059 

0.4401 
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Seighted  AHOVi  Dsinq  Group 
-  B0S_PA1R  =6  - 


General  Linear  Models  procedure 
Class  Level  Infonation 

Class  Levels  Values 

GgOOP  4  CA  CB  TA  TB 


Umber  of  observations  in  by  group  -  1511 


Depaideiit  Variable; 
Hei^t: 

Source 

;  SHIP 

DP 

Sm  of 
Squares 

Itean 

Square 

P  Value 

Pr  >  F 

Model 

3 

598.513326 

199.504442 

199.51 

0.0001 

Error 

1527 

1526.939914 

0.999961 

Corrected  Total 

1530 

2125.453240 

B-Sguarc 

C.V. 

Root  USE 

SBIP  Mean 

0.281593 

16.68227 

0.99998 

5.99427 

Source 

DF 

f/pe  III  SS 

Mean  square 

F  Value 

Pr  >  F 

GKODP 

3 

598.513326 

199.504442 

199.51 

0.0001 
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Beighted  WIOVA  Using  Group 

-  H0S_PiIR  =6  - - - 

Tukey's  Sturteitiz^i  Range  (BSD)  Test  for  variable;  BAIK 
ilpha=  0.05  CMlfidence=  0.95  df=  3554  HSE=  9.116294 
Critical  Value  of  Studentized  San^  3.635 
C<»parisons  significant  at  tie  0.C5  level  are  indicated  by  '***'. 

Siiultaneous  Siiultaneous 


Lower 

Difference 

Upper 

^lOGP 

Confidence 

Between 

Coafitkace 

Co^tarison 

Liait 

Means 

Liiit 

Belated 

TB 

*  TA 

3.04769 

3.25729 

3.48689 

W 

>  CB 

-0.33325 

-0.12521 

0.08284 

TB 

'  a 

-1.40204 

-1.19425 

-0.98646 

Mii 

<3 

-  TA 

3.20665 

3.38250 

3.55834 

CB 

-  TB 

-0.082M 

0.12521 

0.33325 

CB 

•  a 

-1.24273 

-1.06904 

-0.89535 

i** 

Unweighted 

TB 

-  TA 

2.6370 

3.2573 

3.8776 

TB 

-  CB 

-0.7409 

-0.1252 

0.4905 

TB 

-  CA 

-1.8092 

-1.1942 

-0.5793 

CS 

-  TA 

2.8621 

3.3825 

3.9029 

CB 

-  TB 

-0.4905 

0.1252 

0.7409 

a 

-  CA 

-1.5830 

-1.0690 

-0.555C 
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Appendix  E.  Bartlett  Tests 
Bartlett  Test  for  Equal  Variances 
Result  for  Total  Processing 


MSE 

27.7182194 

LN  MSE 

3.32208994 

C 

1.00102C548 

B 

1605.629887 

Chi  square  TS  (  .95,23)  =  35.17 

Test:  1606  >  35.17  Reject  variances  are  not  equal 


Result  for  Depot  Processing 


MSE 

. .  "*  ■ 

13.1737485 

LN  MSE 

2.5782261 

C 

1.001020548 

B 

1165.49464 

Chi  square  TS  (  .95,23)  =  35.17 

Test:  1165  >  35.17  Reject  Ho  variances  are  not  equal 


Results  for  Material  in-Transit 


MSE 

10.924124 

LN  MSE 

2.39097355 

C 

1.001020548 

B 

2862.859515 

Chi  square  TS  (  .95,23)  =  35.17 

Test:  2863  >  35.17  Reject  Ho  variances  are  not  equal 
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Bartlett  Test  for  Equal  Variances  by  Cell 


Total  Processiuq  Ti«e 


Group 

Variance 

n-1  DF 

(DF)  Varianca 

LB  Variance 

LB  (DF) 
Variance 

LB 

23.65212 

740 

17502.5688 

3.163452752 

2340.955036 

LA 

28.1«5 

929 

26145.3115 

3,337316422 

3100.366956 

DB 

84.38588 

319 

26919.09572 

4.435400089 

1414.852628 

DA 

10.8639 

1567 

17023.7313 

2.385445366 

3737.992389 

LB 

34.43377 

412 

14186.71324 

3.539037769 

1458.083561 

U 

51.26942 

665 

34094.1643 

3.937094473 

2618,167825 

23.73061 

400 

9492.244 

3.166765776 

1266.70631 

Di*. 

23.08262 

930 

21466.8366 

3.139079953 

2919.344357 

LB 

30.8952 

638 

19711.1376 

3.430600832 

2183.723331 

U 

12.31235 

345 

4247.76075 

2. 510602824 

866.1579742 

49.74583 

484 

24076.98172 

3.906926641 

1850.952494 

UA 

22.25703 

304 

6766.13712 

3.102657914 

943.2080058 

LB 

25.78042 

716 

184S8. 78072 

3.249615289 

2326.724547 

LA 

19.21381 

1049 

20155.28669 

2.955629291 

3100.455127 

DB 

34.81477 

604 

21028.12108 

3.550041722 

2144.2252 

DA 

35.42451 

712 

25222.25112 

3.567403953 

2539.991615 

1  ^ 

16.65273 

202 

3363.85146 

2.812574167 

568.1399817 

— 

■0.01938 

— 

1973.81786 

2-304521217 

453.9906798 

22.62164 

109 

2465.75876 

3.11890697 

339.9608598 

DA 

t.UWl 

63 

513.234351 

2.097597839 

13^.1486639 

LB 

40.32011 

436 

175' 9.56796 

3.696850352 

1611.825753 

LA 

28.90888 

439 

12690.99832 

3,3bU48814 

1476.86i-<3 

DB 

34.20484 

234 

8(X)3. 93256 

3.53236’7155 

£25.5739142 

DA 

11.50566 

418 

4809.36588 

2.442839088 

1021.106739 

Totals 

1  12912 

357897.6494 

412f’.  55678 

Depot  Processiaq  Tise 


(DF)  Variance 

L8  Variance 

5340.58 

1.976439354 

6355-289 

1.92293392 

6330.556 

2.987952086 

14392.895 

2.217571719 

6103.368 

2.69557268 

10474.415 

2.756903855 

4888.000 

2.503073954 

14375.94 

2.738126669 

16643.506 

3.261437106 

4872.435 

2.647804674 

5130.884 

2.360948336 

4931.488 

2.786368346 

9655.26 

2.601577957 

10265.514 

2.280952793 

9221.268 

2.725693636 

9378.464 

2.578093365 

1259.874 

1.830499298 

867.391 

1.482286127 

1341.245 

2.510005684 

262.962 

1.428874809 

11236.592 

3.249?386n 

9409.087 

3.06493179 

4958.928 

3.053623752 

2403.5 

1.749199855 

LH  (DF) 
Variance 


6.841 


19.845 


9.185 


14.814 


15.7511 


12.22 


15.458 


26.087 


14.123 


10.601 


16.222 


12.485 


9.786 


15.267 


25.772 


21.433 


21.192 


5.751 


1462.565122 


1786.405611 


952.1567155 


3474.934883 


1110.575944 


1833.341064 


1001.229581 


2546.457802 


2080.796874 


913.4926126 


1142.698995 


847.0559771 


1862.729817 


2392.71948 


1646.318956 


1835.602476 


369.7608581 


292.010367 


273.5906195 


90.01911295 


1416.689842 


1345.505056 


714.547958 


Totals  12912 


170099.44 


32123.37126 
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Hateriel  intransit  Tiie 


Gr(»jip 

Variance 

n-1  DP 

(DP)  Variance 

U  Variance 

U  (DP)  Vari- 

LB 

12.726 

740 

9417.24 

2.543647145 

1882.298887 

LA 

14.076 

929 

13076.604 

2.644471219 

2456.713763 

I» 

45.012 

319 

14358.828 

3.806929121 

1214.41039 

DA 

4.355 

1567 

6824.285 

1.47132461 

2305.565664 

LB 

15.393 

412 

6341.916 

2.733912861 

1126.372099 

LA 

25.901 

665 

17224.165 

3.254281578 

2164.097249 

DB 

8.035 

400 

3214 

2.083806999 

833.5227997 

DA 

8.063 

930 

7498.59 

2.087285696 

1941.175697 

LB 

3.184 

638 

2031.392 

1.158138268 

738.892215 

LA 

3.13 

345 

1079.85 

1.141033005 

393.6563866 

I» 

26.925 

484 

13031.7 

3.293055223 

1593.838728 

DA 

6.149 

304 

1869.296 

1.816289467 

552.151998 

LB 

6.076 

716 

4350.416 

1.804346585 

1291.912155 

LA 

6.844 

1049 

7179.356 

1.923372356 

2017.617601 

I« 

10.195 

604 

6157.78 

2.321897404 

1402.426032 

DA 

16.086 

712 

11453.232 

2.777949328 

1977.399922 

LB 

5.814 

202 

1174.428 

1.760268802 

355.574298 

U 

3.236 

197 

637.492 

1.174337999 

231.3445858 

M 

5.169 

109 

563.421 

1.642679246 

179.0520378 

DA 

3.099 

63 

195.237 

1.131079479 

71.25800716 

LB 

7.23 

436 

3152.28 

1.978239036 

862.5122198 

LA 

10.309 

439 

4525.651 

2.3330173 

1024.194595 

DB 

11.95 

234 

2796.3 

2.480731278 

580.4911191 

DA 

6.935 

418 

2898.83 

1.936581054 

809.4008805 

Totals 


141062.289 


28006.46933 
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